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PREFACE. 


Ty the present work our object has been to provide the essentials 
of a School Course of Arithmetic, suited to modern requirements, 
and in accordance with the ee postions of the Mathematical 
Association. 


The book is not intended for pupils who have had no previous 
teaching in the subject. First lessons in Arithmetic can never be 
efficient and adequate unless the teaching is expressed verbally, 
direct from teacher to pupil, and largely illustrated by means of 
oral exercises. Partly for this reason, and also in order to keep 
our work within a reasonable compass, we have not gone as fully 
into the details of the “ First Four Rules” as is necessary for 
learners quite new to the subject. ‘ Our first two chapters furnish 
a course of revision lessons, suitable for all who have a first 
elementary knowledge as ‘far.as Reduction. Here we have re- 
viewed fundamental principles, and in their application we have 
endeavoured to enforce hone, but the best methods. From this 
point we believe our treatment will be found sufficiently full for 


F gas 
\ 


pupils of all classes. Ly 


With regard to the succession of the different parts of the 
subject, there is no recognised order which would satisfy all 
teachers, or which would be equally serviceable for all learners. 
Consequently we have made no attempt to lay down a course 
which may be followed without deviation from beginning to end ; 
but we believe that the order we have adopted is that which will 
give teachers the least trouble in finding what they want. 


Our main plan has been to group together for convenience 
such portions of the subject as are closely allied, and to follow a 
natural exposition and development without resorting to needless 
subdivision. For example, all the essentials of Fractions are 
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introduced and disposed of in Chapters vy. and vi., and Decimals 
are discussed fully in Chapters vii1.—x1. But it is not intended 
that the study of Fractions should be completed before Decimals 
are begun ; it will probably be found convenient if the simpler 
parts of these two sections are read concurrently. Still less do 
we suggest that all that deals with Contracted Methods and 
Approximation in Chapters x. and x1. should be mastered before 
entering on some later chapters : such, for example, as ‘those on 
Proportion, Percentage, and Interest. The ful] Table of Contents 
will enable teachers to map out for themselves the course best 
suited to their own classes. 


The following special features may be mentioned : 


(i) In dealing with Compound Quantities, the British and 
Foreign Weights and Measures are introduced and illustrated 
side by side. Tables which are becoming obsolete or rarely used 
have been excluded, while Linear and Square Measure have been 
simplified by the omission of all cases of reduction from poles 
to yards, or yards to poles. 

(ii) In view of the fact that the use of symbols is no longer 
prohibited in examinations in Arithmetic, algebraical methods are 
used whenever they seem conducive to clearness and simplicity. 
As no previous algebraical knowledge is assumed, the ‘necessary 
processes are explained simply, as occasion requires. 

(iii) In Fractions very frequent use is made of diagrams for the 
purpose of illustration. 


(iv) Decimals and the Metric System are discussed together, 
metric weights and measures being constantly used in illustration 
of decimal notation. 


(v) Great care has been bestowed on the sections dealing with 
Decimal Approximation. We believe that in this part of the work 
we have gone further than has hitherto been attempted in an 
English school book. 

(vi) The Method of Aliquot Parts (or ‘Practice ’) is not made 
the subject of a separate chapter, but arises naturally as a con- 
venient form of multiplication in connection with Fractions and 
Decimals. See pages 126-128, 213-215, 
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(vii) The principles of Ratio, Proportion, and Percentage are 
introdvced in a simple manner in connection with Fractions (see 
pages 121-126), and are more fully developed in later sections. 


(vill) Though the Unitary Method is dealt with in an early 


chapter, it gives way later to more direct and scientific methods 


in all questions depending on Proportion. 


(ix) A chapter is given explaining all that is necessary for a 
clear understanding of Simple Graphs. In subsequent chapters 
graphical methods are frequently used for the purpose of illustta- 
tion—especially in connection with Proportion and Variation. 
See pages 307-315, 377-880, 448-453. 

(x) The use of Four-Figure Logarithms is fully explained. 
Tables of Logarithms and Antilogarithms are supplied, together 
with a large variety of examples for practice in logarithmic 
work. 


(xi) We have given no formal treatment of Recurring Decimals, 
or of Cube Root. Such cases of cube root as occur in the exanfples 
can be treated by factors or by the use of logarithms. ; 


(xii) A short section on the properties of Continued Fractions 
has been given in Chapter xx., in order to meet the requirements 
of some of the harder Civil Service Examinations. 


We offer no apology for the extent to which we have made use 
of easy algebraical methods. The time is probably not far distant 
when Arithmetic and the easier parts of Algebra will be taught 
together, and correlated in examination papers. 


It is a matter of common experience that a mechanical use of 
graphs can be attained without any clear notions of the principles 
upon which graphical solutions depend ; pupils ave apt to be 
content with the success of such methods withou ] ally knowing 
why they succeed. We hope that our introduction to graphs 
in Chapter xv. will be found to put the subject on a sound and 
satisfactory basis. Until a pupil can grasp the idea of two con- 
nected variables there is no tangible princinle upon which a study 
of graphs can be founded, but the Algebra necessary for enforcing 
this principle is so simple that it ought not to deter any intelligent 


reader. 
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Considerable care has been bestowed on the selection and classi- 
fication of the examples. In each exercise it will be found that the 
initial examples are usually quite straightforward and easy, so 
that pupils may get the requisite practice in new principles and 
processes without being deterred by purely arithmetical detail. 
Tt is hoped that the numerous oral examples in the early chapters 
(and especially in Fractions and Decimals) may do something to 
prevent a mechanical application of rules before the notation and 
first principles are thoroughly grasped. 

Those of the examples which are not original have been taken 
mainly from examination papers of recent date. We are indebted 
to several examining bodies for permission to use examples from 
their papers. In particular, our thanks are due to the Oxford 
Delegacy and the Cambridge Syndicate in regard to questions 
set in the University Local Examinations ; and to the Controller 
of H.M. Stationery Office for the use of examination questions 
set by the Civil Service Commissioners. The Examinations under 
the Civil Service Commission have for some time past been noted 
for examples of fresh and instructive types, and we have thought 
it worth while to indicate such examples in our pages by a 
distinctive mark. 


Nearly all the answers have been checked by working the 
examples from the proof sheets. We gratefully acknowledge much 
valuable help in this work of verification, and we venture to hope 
that any remaining errors will prove to be few and unimportant. 


HSA. 


F. H. STEVENS. 
May 1908, 
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CHAPTER I. 
INTRODUCTORY. 


Revision of the Four Rules for Simple Quantities. 


1, Ir is assumed that pupils who use this book will have learnt: 
the rules for Addition, Subtraction, Multiplication, and Division for 
both Simple and Compound Quantities. Consequently no formal 
explanation of these rules will be given. This introductory chapter 
will be devoted to enforcing some points of method and arrange- 
ment in connection with abstract numbers and simple quantities. 
It will also be assumed that the pupil is acquainted with the 
meanings of the signs +, —, X, * the symbols =, -. ; and the 
simplest use of brackets (). 


9. Addition. The only way to secure rapid work in addition 
is to dispense with all that is not actually necessary in the mental 
calculation. . 


Suppose it is required to add the series of numbers in the margin. 
It is undesirable to say mentally 1 and 8 are 9; 9and7 are 16; 16 and 
7 are 23, and so on. 


All that is really necessary is as follows : 


783 

lst column. 9, 16, 23, 28, 31. Set down 1 and carry the 55 
2 tens to the next column. 497 

Qnd column. 12, 14, 20, 29, 34, 42. Set down 2 and 867 
carry 4. 628 

3rd column. 10, 18, 22, 29. _ 9 
292) 


This process can be still further shortened when the eye is 
trained to combine two or more numbers in a single step at any 
part of a column. This is especially useful when a pair or more 
of such numbers combine to make up 10. 
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For example, to add the numbers given in the left-hand margin. In 
the right-hand margin the way in which the numbers are grouped 
together is shewn by brackets. 


MENTAL Work. 2 a : _ 

9369 lst col. 8, 18, 28, 33. Set down 3 and , a | 
7906 carry 3. 3} 1 cd cd 
eee 2nd col. 10, 20, 28. Set down 8 and 5 4 | 4 
8538 carry 2. 8 Di. Bi 8! 
9365 3rd col. 7, 10, 20, 32. Set down 2 9% 3 6 
4573 and carry 3. Se: Roe lias 

48983 4th col. 7, 16, 24, 29, 39, 48. 48 2 8 3 

To check the accuracy of addition the columns should be added from 


top to bottom as well as from bottom to top. 


3. It is very useful to be able to add a series of numbers 
horizontally from left to right, or from right to left, without 
placing them in column. The process is the same as before, but 
it is less easy to group two or more numbers together. Beginners 
are recommended not to attempt such grouping, or to confine the 
grouping to pairs which make up 10. 


Example. Add together the following numbers : 
3124, 6835, 4787, 9138. 


Working from right to left, the mental process is 
15, 20, 24; 5, 13, 16, 18; 2, 9, 17, 18; 10, 20, 23: 


and the answer is 23884, the figures in deeper type being those which 
are successively written down, beginning with that in the units’ place. 


4. Subtraction. Suppose it is required to subtract 279 from 
751. Probably most beginners go through the following mental 
process : 

751 
9 from 11, 2; 8 from 15, 7; 3 from 7, 4. 279 


472 

But very few can give the reason for this process, or explain 
clearly why the | in the first step is treated as 11, or the 7 in the 
second as 8. 

The method depends upon the following principle : 

The difference between any two numbers is unaltered if each of them 
us uncreased by the same amount. 

Hence, when we find that 9 cannot be taken from 1, we increase 
the 1 by 10 units (making 11). At the same time we add a 
compensating ten to the lower number én the tens’ column (making 
the 7 tens into 8 tens). 
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Again, since 8 tens cannot be taken from 5 tens we increase the 
5 tens by 10 tens (making 15 tens). At the same time we add a 
compensating hundred to the lower number in the hundreds’ column 
(making the 2 hundreds into 3 hundreds). 


5. Another method of subtraction known as Complementary 
Addition has great advantages and should be acquired at the 
outset. In the foregoing example we found the difference between 
751 and 279. Now this difference may be regarded as the number 
which must be added to 279 in order to make wp 751. 


Fence instead of saying ‘9 from 11, we mentally ask what must 
be added to 9 to make 11; then what must be added to 8 


(carrying 1) to make 15, and go on. Bo 
The mental process will then be res 


9 and 2,11; 8and 7, 15; 3 and 4,7; 
the digits in deeper type being those which are successively 
written down in the result. 

This method is sometimes referred to as the Austrian method, 
and in some subsequent rules is indispensable for rapid work. We 
give two more examples to illustrate its use. 

ExampLe 1. Subtract 3265 from 6182. 

MeEnTAL WORK. 


5 and 7, 12. Set down 7, and carry 1 to the tens’ 


column of the lower number. 6182 
Tand 1,8. Set down 1; (nothing to carry). 3269 
2and 9,11. Set down 9, and carry 1. 2917 


4 and 2, 6. Set down 2. 


Exampie 2. Subtract the sum of 2346, 4658, 3245, and 1026 from 
13682. 


Write down the last number and draw a line under it; then place 
the other numbers under the line. Then as in previous examples, we 
have 


13682 

11, 19, 25, and 7, 32. Set down 7 and carry 3. 2346 
5, 9, 14, 18, and O, 18. Set down 0 and carry 1. 4658 
3, 9, 12, and 4, 16. Set down 4 and carry 1. 3245 
2, 5, 9, 11, and 2, 13. Set down 2. 1026 
2407 


To check the result, now add the numbers in the five lower rows and 
the sum should be the number in the top row. 
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6. The complementary method is also useful in subtraction of 
money. [See Chap. II., Art. 23.] It is, in fact, nothing more than 
the usual ‘shop method’ of giving change. Suppose a purchaser 
buys an article worth 84d. and tenders a, half-crown as payment. 
The shopkeeper would probably give 


a halfpenny, a threepenny piece, a shilling, a. sixpence, 
saying as he put down the several coins: 

‘9 pence,’ ‘14 shilling,’ ‘2 shillings, ‘half a crown,’ 
He thus makes up to even money at each stage. 


The following Examples will furnish practice in the Austrian 
method of subtraction. 


EXAMPLES I. a. 


1, Subtract (i) 3289 from 7291 ; (11) 43702 from 90000. 


2. The sum of two numbers is 2735 and the less is 857 ; what is the 
greater ? 


3. From 529 take the sum of 27, 39, 47. 


4. Ina school of 250 boys, four Houses contain respectively 60, 45, 
42, 37 boys ; how many day-boys are there ? 


5, Subtract the sum of 2034, 4316, 3184 from 2135]. 


6. Ina battle 10,000 men were engaged ; of these 227 were killed, 
563 were wounded, and 87 were taken prisoners. How many returned 
to camp unwounded ? 


7. Hind the value of 75683 — 2317 — 4184 — 1609. 


8. Find the difference between 98469 and the sum of 12065, 235, 
4837, 62038. 


9. A country has an area of 32,300,000 acres; it consists of 
41,425,000 acres of arable land, 15,237,000 acres of meadow, 2,975,250 
acres of waste land, and the rest is water. How many acres of water 
are there ? 


Write down the number in the missing line in each of the following 
examples in addition : 


10; 2971 11. 45907 12. 583 
4832 38652 31276 

60791 70945 8975 
KEEKHX KKHKEKK EXKKEK 


83050 170000 68732 
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7. Multiplication. Suppose it is required to multiply 3297 
by 628. This means that we have to find the value of 3297 taken 
628 times. Now the multiplier 628=600+ 20+8, so that we have 
to take the multiplicand 600 times, 20 times, and 8 times, and then 
add the results. In other words we have to multiply 3297 by 
6 hundreds, 2 tens, 8 units, and then add the partial products. 


In theory the order in which these separate multiplications is 
performed is immaterial, but there are great advantages in keeping 
the order above indicated, that is, beginning with the figure of 

highest place-value in the multipler ; in the present case hundreds 
' before tens, tens before units. 


The work will stand as follows : Or more briefly thus : 
3297 3297 
629 629 
1978200 = 3297 x 600 19782 
65940 = 3297 x 20 6594 
29673 =3297 x 9 29673 
2073813 = 3297 x 629 2073813 


Place the numbers so that units, tens, hundreds of the multiplier 
are respectively under units, tens, hundreds of the multiplicand. 
The several partial products and their sum are shewn in the work 
on the left-hand side. 


The ciphers may be omitted as in the arrangement on the right- 
hand side if it is remembered that in each line of work the first 
figure is set down immediately below the figure of the multiplier which 
is being used to obtain the partial product. The other figures then 
- fall into their proper places naturally. 


Nore. Though the order of the successive lines of work may be 
varied without altering the final result, it should be noticed that the 
order here recommended has the advantage of giving the partial 
products in the order of their importance. ‘Thus in the above example 
the first line gives a rough approximation to the result required ; the 
first and second taken together give another approximation closer than 
the first ; while the first, second, and third combine to give the correct 
product. In forming such approximations care must be taken not to 
omit ciphers at the end. 


12567 

Thus a first approximation to the product of 12567 and 4325 
4325 is 50268000 = . : : - - 50268000 

_ 3770100 


And a second approximation is 54038100 : - . 54038100 
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8. Some special artifices for shortening work may here b 
noticed, 


To multiply by 5. Since 10=5~x 2, the required result will b 
obtained by multiplying by 10 and dividing the result by 2. Tha 
is, we have only to place one cipher to the right of the multiplican 
and divide by 2. The process is entirely mental. 


To multiply by 25. Since 100=25 x 4, we have only to plac 
¢wo ciphers to the right of the multiplicand and divide by 4. 


To multiply by 125. Since 1000=125 x 8, we have only to place 
three ciphers to the right of the multiplicand and divide by 8. 


Notr. The converse processes for division by 5, 25, 125 may alsc 
be used, but when the division is not exact, beginners will find the 
remainders puzzling. 


9. The product of three or more numbers is called their 
continued product; and each number is called a factor of the 
_ product. The factors may be taken in any order. 

EXAMPLE. Find the value of the following continued products : 


(i) 125x650x8 x2. (ii) 4x 2x76 x 50 x 25 x 15. 
(i) By changing the order of the factors, 2 
the product = 650 x 2 x 125 x 8 = 1300 x 1000 = 1300000. 
(i) The product =76 x 50 x 2x 25x 4x 15 
=76 x 100 x 100 x 15='760000 x 15 
= 11400000. 
The last result is obtained by halving the multiplicand and multi- 
plying by 30. : 


10. The following examples shew how the work of multiplica- 
tion may be abbreviated in special cases. 


Exampiy. Multiply 7342 (i) by 99 ; (ii) by 998. 


(i) 734200 Here 99=100-—1. Hence we have only to subtract 
7342 the multiplicand from the multiplicand x 100. 
726858 
(ii) 7342000 Since 998 = 1000 — 2, we place three ciphers after the 


14684 multiplicand and subtract twice the multiplicand 
7327316 from the number so obtained. 


A similar method may be used for multipliers such as 59, 78, 87, 
which differ very slightly from some multiple of 10. 
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11. It will sometimes be found that the digits of the multiplier 
suggest an order and arrangement which will shorten the work. 


ExaMPLe, Multiply 3297 by 639. 


3297 Here 639=9+630=9+9x'70. Hence in this case 
639 it is convenient to form the first partial product by 
29673 beginning with the unit figure 9. The next partial 
207711 product is 70 times the first. That is, we have only 
to multiply the first product by 7 tens, and the first 

‘ 2106783 resulting figure will be set down in the tens’ place. 


12. Verification. The best way of testing the accuracy of a 
result in multiplication is the method known as “casting out the 
nines.” We shall give an example of the use of this rule, deferring 
the explanation of the principle on which it depends to a later 
chapter. 


To ‘cast out nines’ from a number such as 497368, we add up 
the digits dropping every 9, and the sum of two or more digits 
which make up 9. Also whenever the sum is more than 9, we 
subtract 9, and go on with the remainder. 


Thus first crossing out the two digits 9 in the number, we have 
counting from the right, 14 (subtract 9), 5, 8, 15 (subtract 9), 6, 
10 (subtract 9), and 1 is left. 


Exampie. Multiply 40397 by 5684 and test the accuracy of the result 
by casting out nines. 


40397 Cast out nines from multiplicand and multiplier. 
5684 
RRR RT Te 7 10,1, 5) Multiply the two remainders and cast 
201985 ae out nines : 
242382 12, 3,2, 5 25, 7. 
323176 

161588 Now cast out nines from the product. 

229616548 12,3; 8, 14; Byer l2.rS, "oO, 7. 


If the two remainders obtained by this process are different, the work 
is certainly wrong; if they agree, the result is probably correct ; but 
the rule does not give an absolute test of accuracy. For example, an 
interchange of two or more digits in the complete product would vitiate 
the answer, without altering the remainder on casting out nines. 


13. The following example illustrates a method of combining 
multiplication and subtraction im a single operation. The method 
is of great importance and will be frequently used. 
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Example. Multiply 48327 by 3 and subtract the result Jrom 162615. 


WorK IN FULL. 


The process is as follows : 
ae | ae 3 sevens, 21, and 4,25. Set down 4, and carry 2; 
17634 3 twos, 6, 8, and 3,11. Setdown3, and carry 1; 
3 threes, 9, 10, and 6,16. Set down 6, and carry 1; 
ABBREVIATED WORK. 9 eights, 24,25, and 7,32. Set down 7, and carry 3; 
48327 | Bey 3 fours, 12, 15, and 1,16. Set down 1. 


Addition may, of course, be combined with multiplication in the 
same way, but the combination is less useful than that illustrated above, 


EXAMPLES I. b. 


Find the value of the following products, in each case beginning with 
the left-hand digit of the multiplier. Test the results by casting out 
nines. 


d,: ZAT BS: Z. 1032 x 324. 3. 2083 x 619. 
4, 6234 x 836. 5, 91253 x 478. 6. 8132 x 2561. 
7. 50327 x 7030. 8. 43097 x 8203. 9. 79306 x 8009. 


Write down a first approximation to the following products. (See 
Art. 7, Nore.) 


10. 6345 x 74. 11. 2893 x 821. 12. 4385 x 6301. 
Multiply, as shortly as you can, 

13. 4275 by 5, 25, 125. 14, 96084 by 5, 25, 125. 

15. 3652 by 98, 999. 16. 84703 by 99, 59, 798. 


17, Shew that to multiply by 625 we may affix 4 ciphers to the 
multiplicand and then divide the result by 16. e 


[In Hxamples 18-29 each is to be worked in a single step. ] 


18. Multiply 256 by 3, and subtract the result from 980. 
19. Multiply 478 by 5, ne 4 x 2583. 
20. Multiply 4036 by 4, “fi 5 ih 20000. 
21. Multiply 6871 by 6, 3 3 3 43127. 
22. Multiply 9386 by 8, x " ‘< 102364. 


23. Multiply 5376 by 9, and add the result to 357. 
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Write down the result of 


94, 58356 - 9240 x 6. 95. 864083 — 107920 x 8. 
96, 97832 — 13938 x 7. 27, 100000 — 14832 x 6. 
28, 4832 x 8+ 1236. 99, 57345 x 6 + 24302. 


30, Multiply (using only two partial products) 
(i) 69432 by 567; — (ii) 803050 by 9036. 


14. Division. In short division beginners do not usually find 
‘much difficulty except with regard to remainders when the divisor 
is the product of two or more factors. ‘The examples which follow 
are given in order to explain how the remainders are dealt with, 
and to give the pupil models for reference. 


Exampie l. Divide 67441 by 56, or 7 x8. 


7 {67441 7 | 67441 
8| 9634 groups of 7, and 3 wnits over. 8| 9634... a 
1204 groups of 56, and 2 sevens over. 1204 ...2 


Complete remainder =2 sevens + 3 units=7 x2+3=17. 


In practice the only work necessary is that shewn on the right. 


Examen 2. Divide 92467 by 168, or £x6.x 7. 


4 | 92467 4 | 92467 
6 | 23116 groups of 4, and 3 units over. 6| 23116...3 
7| 3852 groups of 24, and 4 fours over. 7| 3852... 4 67 
550 groups of 168, and 2 twenty-fours over. 550g. oe 
Complete remainder =2 twenty-fours + 4 fours +3 units 
=24x24+4x4+3 
= 67. 


It will be seen that the following rule is applicable in each case : 


Multiply each partial remainder by all the divisors preceding its own, 
and add the resiits. 


15. In Long Division the pupil is recommended. to learn and 
practice the Italian Method, in which at each stage of the work 
corresponding to a digit in the quotient, the multiplication and 
subtraction are combined in a single process as explained in Art. 19. 
The following example exhibits the work thus abbreviated side by 
side with the ordinary full working, 


fi 
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Exampur. Divide 784946 by 358. 


se 


WORK IN FULL. ITALIAN METHOD. 
2192 2192 
358 ) 784946 ; 358 ) 784946 
716 689 
' 689 niu 
: mu 
3314 Vere 
3222 210 remainder. 
926 Quotient =2] 92, 
716 remainder = 210, 
210 
To perform the Ist stage of division we shall require 3 digits 


dividend ; thus the first digit of the quotient val represent thousands, 
and it is convenient to place it in the place o ousands, that is over 
the last digit of the dividend used im the lst stage. The other digits of 
the quotient will then follow in their proper places. The mental work 
is as follows : 


2 eights, 16, and 8, 24; carry 2. 2 fives, 10, 12, and 6, 18; carry 1. 
2 threes, 6, 7. Bring down 9 from the dividend. 
1 eight, 8, and 1, 9; carry 0. 1 five, 5, and 3, 8; carry 0. 


1 three, 3, and>®, 6. Bring down 4 from the dividend, and continue 
the process. 


16. . When Division is exact, the Dividend, Divisor, and Quotient 
are connected by the relation 


Dividend + Divisor = Quotient, 
or Dividend = Divisor x Quotient. 
When Division is not exact, the relation is 
Dividend =(Divisor x Quotient) + Remainder, 


Or using symbols, if a number N is divided by a divisor D, with 
quotient Q, and remainder R 


N=DxQ+R 


from which result any one of the four quantities can be determined 
when the numerical values of the other three are known. Such a 
general relation is called a formula. 


Exampir. The number 217 when divided by a certain number has a 
quotient 16 and remainder 9; what is the divisor ? 


Since there is a remainder 9 on division, it follows that 217 is greater 
by 9 than 16 times the divisor. That is, 208 is 16 times the divisor, 
hence the divisor is 13. 
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17. Two distinct questions are answered by division of one 


number by another. For instance 


(i) If £498 is divided into 29 equal parts what is the value of 


each part? - 
Here £493 29=£17. 


The divisor is abstract,-and the quotient concrete (being of the 
same denomination as the dividend). This is called partition. 


_ (ii) If £493 ts divided into shares of £29 each, how many such 


shares are there ? 
Here £493 + £29=17. 


The divisor is concrete and the quotient abstract. This is called 


quotition. | 
In brief, partition answers the question 
each part?” 


“What is the value of 


Quotition answers the question “ How many times ? ‘ 


EXAMPLES I. c. 


In Examples 1-12 find the quotient and 
division. 


1. 3267+ 42. 9, 4248+ 56. 
4, 8950+ 63. 5, 7356+ 49. 
7, 4785+108. 8. 8412+144. | 


10, 15831105. 11. 6320+(7x8~ 11). 


remainder, using short 


8. 1373+72. 
6. 56703 + 54. 
9, 3207+ 128. 


12. 9873+(5x9x 11). 


Perform the following divisions by the Italian method. 


13. 6099+19. 14, 2495 +23. 

16. 86765=37. 17, 22919 +53. 
19. 103672 + 119. 90. 141431 +233. 
92. 136160~+471. 93, 710580 + 593. 


18. In the foregoing pages the following 


15, 8593+ 41. 

18. 93802+91. 
91, 177399 207. 
94, 876543 + 128. 


fundamental principles 


of Arithmetic have been assumed without formal proof or illus- 


tration : 


(i) Additions and Subtractions may be made in any order, so long 


as the subtractions are possible. 


Thus 15+8—-6=84+15—-6=15-6+8=8-6+ 15. * 
Or, more generally, if we use letters to denote numbers, 
a+b—c=b+a—c=a—c+b=b—ct+a. 
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(ii) The factors of a product may be taken in any order. 
Thus O9Xx7=7x5; 8x9=9x8. 
Similarly 5X7X3=7x5xX38=7x3x5, 


(ill) When a number consisting of several parts is to be multiplied 
by another number, the result may be obtained by multiplying each of 
the parts of the multiplicand separately, and then taking the sum of 
the partial products. 


Thus (44+3)x5=4x54+3x5, 
Similarly (4+3+7)x5=4x543x547x5; 
and (4—3+7)X5=4x5—-3x547%x5, 


Of these (i) may be accepted without proof. 
The reason for (ii) and (iii) may be thus explained. 


(ii) To prove that 5x 7=7x5. 


In the adjoining diagram let each square ‘4 6 
represent a unit. Then the rectangle ABCD 
contains 35 units. 


There are 7 columns each containing 5 
squares, and 5 rows each containing 7 squares. 

If we add up by columns the number of 
squares in ABCD is 5 multiplied by 7. 


_ _ If we add up by rows the number of squares in ABCD is 
7 multiplied by 5. 


D Cc 


Thus DXi. 
And since the reasoning is quite general, we may say 
axb=bxa, 


where a and b denote any two numbers. 


(iil) To prove that (44+3)x5=4x543x5, 


B 
In the adjoining diagram the rectangle ABCD 
has 4+3 squares in each row, and there are 
5 rows. 
.. the total number of squares =(4+43) x 5. 
Again the dotted line divides the rectangle - C 


into two smaller ones containing 4 squares and 


3 squares in a row respectively ; and in each rectangle there are 
5 rows. 


. the total number of squares=4x543 5, 
Thus (44+3)x5=4x543x5, 
Or, generally, (a+b)xe=axctbxe. 
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MISCELLANEOUS EXAMPLES I. 
SIMPLE QUANTITIES. 


1. Add together ninety-nine millions ; nine thousand and ten; 
seventy thousand and eighty ; eight hundred thousand and nine ; six 
hundred and eighty thousand and twenty-one. State in words by how 
much the sum falls short of two hundred millions. 


9. What number taken from seventy-two thousand, six hundred 
and seventeen will leave forty thousand, six hundred and three ? 


3. The populations of the different parishes and districts of a large 
town are 16640, 321, 3750, 3906, 5144, 2684, 13360, 391, and 5797 
respectively : by how many does the whole town’s population fall short 
of a million? 


4. A man leaves £17875 amongst his six sons. If each of the five 
younger sons receives £2500, what is the portion of the eldest ? 


_ A man leaves £30,000; to his wife he gives £10,500, to his 
eldest son £4000, and to his other sons and daughters £8750. There 
are also two debts of £3036 and £287 to be paid. If the rest of his 
property is left to charitable objects, find the amount so left. 


6. Find the sum, difference, product, and quotient of two dozen 
dozen and half a dozen dozen. 


7, How many times must 257 be added to 3785 so that the sum 
may be 7126? 


8. How many times must 332 be subtracted from 18944 so that the 
difference may be 5000? : 


9, One number is greater than another by 155, and their sum is 
547: find them. 


10. Divide 500 into two parts whose difference shall be 26. 


11. A firm of three partners earns £4500 a year, and their expenses 
amount to £2064. If the profits are equally divided, what is the share 
of each? 


12. A greengrocer has 500 oranges. He has orders for 200, 175, 90, 
and 5 dozen. How many more must he buy to complete his orders ? 


13. In a page of a newspaper there are 7 columns, and in each 
column 172 lines, and in each line an average of 50 letters. How many 
letters go to a page? 


14. Find the sum of 7 consecutive odd numbers of which 27 is the 
fourth. 


45. Write down 12 consecutive numbers beginning with 35, and 
find the sum of the even numbers in the series. 


16. Two horses and a cart cost £52, and each of the horses cost 
6 times as much as the cart ; what did each horse cost ? 
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17. Three hats and two caps cost 22s. and each hat cost 3 times as 
much as a cap; find the price of a hat and cap respectively. 


18, A father and son together earn 36 shillings a week. If the 
father earns 14 shillings more than the son, find the wages of each. 

19. Multiply 203547 by 567 in two lines. [See Art. 11.] 

20. Multiply 357895 by 9998 as shortly as possible. 

21. Divide 643281 by 512 and give the remainder, using factors and 
short division. 


22. . Find the number next above 987654321 which is exactly divisible 
by 164609. 


23. What is the nearest whole number to one million which is 
exactly divisible by 234? 


24. How much must be added to five hundred thousand in order 
that the sum may be divisible by 117? 


25. In a division sum the quotient is 420, the divisor is 7564, and 
the remainder 5199 ; find the dividend. [See Art. 16.] 


96. Find the quotient when the dividend is 1021357, the divisor 
2035, and the remainder 1822. 


27. What number is the same multiple of 7 that 43120 is of 55? 
28. Multiply 31729 (i) by 41696 ; (1i) by 52575, each in three lines. 


29. After filling 71 casks from a tank, 15 gallons remained ; if each 
cask contained 18 gallons, what did the tank hold at first ? 
‘30. Write down the value of (i) 4 x 737 x 25 ; | 
(ii) 8 x 625 x 50. 
31. Write down the quotient and remainder when 3785036 is divided 
by the product of 25 and 40. 


32. What is the least number which must be added to 2486132 in 
order that the sum may be exactly divisible by 4125? 


33. What is the least number which must be subtracted from 2824] 
in order that the remainder may be exactly divisible by 3472? 


34. Write down the product of 555666778 and 999. 


35. Write down a number such that if multiplied by 65 and then 
divided by 13 the result is 4832160. 


36. How old is a man who 7 years ago was twice as old as his sister 
now aged 15? 

37. Five years hence a man will be five times as old as his son now 
4 years old. How old was the father when the son was born ? 

38. The sum of the ages of a father and son is 50 years. Five s 
ago the father’s age was three times the son’s. What are their presént 
ages ? 
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39, Along a hedge, 220 yards in length, 23 trees are planted at 
equal distances, the first tree being at the beginning of the hedge. 
What is the distance between the trees in yards? . 


40, Find, as shortly as possible, the continued product of 16, 64, 
125, and 625. — 


41. If 109 is multiplied by a certain number it is increased by 2071. 
Find the multiplier. 


42, A boy had to divide 76428 by 123. He copied a figure wrong 
in the divisor, and obtained as his quotient 611 with remainder 53. 
What mistake did he make? 


43, Complete the division below by writing in the missing numbers 
in the first and second lines : 


5 
8 remainder 4. 
1718 remainder 2. 


44, A certain number is divided by 165 by short division. The 
quotient is 262, the first remainder is 2, the second is 4, and the third 
is 8. Find the number. 


45. A has £85 and B has £39; how many pounds must A give to B 
in order that they may each have the same sum of money? ~ 


46, A man bought 270 eggs at the rate of 15 for a shilling and the 
same number at 18 for a shilling. He found that 81 were damaged 


and he sold the rest at the rate of 27 for 2 shillings ; how much did 
he gain? 


47. In the number 2345678 insert a cipher, somewhere between the 
2 and the 8 ; first, so as to make the greatest possible difference in the™ * 
number ; next, so.as to make the smallest possible difference, and find 
the difference of these two differences. 


48, The aggregate score of three cricketers A, B, and C was 149. 


If B and C together made 76 runs, and A and C made 103, what was 
the score of each ? 


49, A, B, and C together made 168 runs ina cricket match. Omade 
twice as many runs as A, and B’s score was half of A’s; what was 
the score of each? If in the same match there were 15 ‘* extras,” 
and the total score was 255, what was the average score of the remaining 
batsmen ? 


50. With 4 wickets to fall, an innings is ‘‘ declared ” for a total of 
233. If there were 12 extras and the not-out batsmen had made 56 
and 45 respectively, find the average score made by the other batsmen. 


51. A certain number when divided by 8 has a remainder 5, and the 


quotient divided by 9 has a remainder 7; what will be the respective 
remainders when the order of division is reversed ? 


52, Ina long division sum the dividend is 529565, and the successive 
rem ers from first to last are 246, 222, 542. Find the divisor and 
— quotient. 


CHAPTER IL. 
COMPOUND QUANTITIES. 


19. THE pupil is supposed to be already acquainted with the 
general principles of Reduction and of the four Fundamental Rules 
as applied to Compound Quantities. The object of this chapter is 
to provide examples for revision, and in particular to illustrate 
the advantages of Decimal Tables (that is to say, Tables based 
upon the number 10) over the older British Standards. 


Money. 
BRITISH. Unitep Srares. 
4 farthings=1 penny (d.) 100 cents (¢)=1 dollar ($) 
12 pence =1 shilling (s.) Fr 
20 shillings =1 pound (£) a 
or sovereign. 100 centimes (c.)=1 frane (fr.) 


NotsEs. 


(i) One dollar is worth a little under 4s. 2d., so that 1 cent is nearly 
equivalent to 1 halfpenny. 

(ii) One france is worth a little over 93d., so that 25 francs are nearly 
equivalent to £1. 

Ten centimes are worth about ld. 

An American cent (4d.) should be carefully distinguished from a 
French centime (=\jd.). 

20. Reduction. A quantity expressed in a single denomina- . 
tion is said to be simple. 

For instance, £7, 11 feet, 20 acres are simple quantities. 


A quantity expressed in two or more denominations is said to 
be compound. re 
For instance, £7. 5s. 6d., 2 yds. 1 ft. 3 in. are compound quantities. 


:? 


CHAP. II. | REDUCTION. EC 


I. Reduction of a compound sum to its lowest denomination. 


Examene. Reduce (i) £45. 13s. 74d. to farthings. 


(ii) 45 francs 13 centimes to centumes. 


(iii) 73 dollars 4 cents ¢o cents. 
BrRivTIsH COINAGE. DrEcIMAL SYSTEM. 
» (i) £45. 13s. 74d. (ii) 45 fr. 13. ¢. 
7 20 100 
913 shillings. 4513 
12 ae 
‘ 10963 pence. (iii) 73 $4 ¢. 
: 4 100 
z 43854 farthings. 7304 cents. 


‘Observe carefully that while in (i) the process requires the 
numerical work of multiplication and addition, in (ii) and (iii) 
the required results may be at once written down without any 
numerical work whatever. 


Thus 
56 dollars 70 cents (generally written $56,70) = 5670 cents. 
183 francs 9 centimes (generally written fr. 183,09) = 18309 centimes. 


Il. Reduction of a simple sum to a compound sum im higher 
denominations. 


 Exampie. Reduce (i) 27306 farthings to £. s. d. 
(ii) 27306 centimes to francs and centimes. 


ee aa a ne Ba 
\ ; esti a iv ’ 


British CormaGE. DECIMAL SYSTEM. 
(i) 4| 27306 farthings (ii) 100 | 273,06 centimes. 
; 12| 6826 pence + 4d. 273 fr. 6c. 
20|__568 shillings + 10d. Here again the required result: 
28 pounds + 8s. may be at once written down, by 


merely marking off two figures 
—_— +, 27306 farthings = £28. 8s. 103d. | from the right. 


- 
ae oS 


Similarly 
3980 cents =%$32,80, that is, 32 dols. 80 cents. 
14703 centimes=fr. 147,03, that is, 147 francs 3 centimes. 
AR. H.S. B 


a * 
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EXAMPLES II. a. 
(Hxamples 1-12 should be taken orally, ) 
1. How many shillings are these in £5; me 12s.; £4. 15s.; 
£7. 11s.; £9. 178.; 15 guineas? 


2. How many pence are there in 1s. 7d.; 2s. 6d. ; 3 38. lld.; 7s. 2d.; 
9s. 7d.; £10; £1. 58. ? 


3. How many centimes are there in 2 fr. d4¢.; 13 fp. 27¢.; 8 fr. 50c.; 
80fr. 50c.; 2fr.4¢.; 18fr.9¢.2 | 


How many cents are there in 23 dols. 14 cents; 238. 4t.; 
708. "70 ¢. ; 7$. 7¢.; 70%. 7¢.2 | 


5, Reduce to pounds and shillings : 140 shillings; 190s.; 270s. ; 
374s. ; 551s.; 637s. 


6. Reduce to shillings and pence: 60 pence ; 74d.; 113d.; 132d.; 
15ld.; 219d. 


7. Reduce to pranes and centimes: 375 centimes ; 1482¢.; 1010c.; 
370 ¢.; 807 ¢.; 3007 ¢.; 30070c. 


8. Reduce to dollars and cents: 946 cents; 2735 ¢.; 4800 ¢.; 40804. ; 
40800 ¢. ; 4008 ¢. ; 40008 ¢. 


9, How yeny sixpences are there in IIs. 6d.; 15s. 6d.; 19s. 6d. ; 
£03 £3: 10s 154.98. 6d: ? 


10. How many threepences are there in 78.3 138.3; 88. 6d.; 15s. 3a; 
£1. 10s.; one guinea ? 


Tt ow pany florins are there in 18s.; 34s.; £1. 4s.; £6. 88.; 
£3. 148.; £4. 12s. ? 


12. How many half-crowns are there in 5s.; 1ds.; £13. 7s. Baz 
12s. 6d. ; 158.3 25s. ; £2. 2s. 6d.? 


Reduce to pence 


13, £5. 3s. 10d. 14) £10: eae 15. £73. 2s. 11d. 

16. 12 half-crowns. 17, 29 guineas. 18. 31 florins. 
Reduce to half-pence 

aS Pio sie arg tan ba Bed 20, £8. 28. 74d. 21. £19. 4s. 34d. 
Reduce to farthings 

22. £6. 138. 113d. 28, £4. 11s. 38d. 24, £9. 2s. 74d. 


Express as £. s. d. 
25. 2190 pence. 26. 3286 pence. 27. 4636 pence. 
28, 3480 half-pence. 29, 4577 half-pence. 30, 8283 half-pence. 
31. 6561 farthings. 32, 9193 farthings. 33. 21927 farthings. 
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Find the number of sixpences in 


34, £33. 13s. 6d. 35, £87. Os. 6d. 36. £91. 12s. 
Find the number of half-crowns in 
37, £723. 10s. 38. £561. 12s. 6d. 39. £1920. 17s. 6d. 


Reduce to £. s. d. 
40, 297 sixpences. 41, 801 threepences. 42, 1144 fourpences. 
43, 1359 florins. 44. 3449 half-crowns. 45, 16243half-crowns. 


46, How many guineas are worth £399? 
47, How many pounds are equivalent to 740 guineas? 
48, How many half-crowns are equivalent to 3470 florins ? 


49. Reckoning 25 francs as equivalent to £1, estimate in pounds 
sterling an income of 100,000 francs. 


50. How many francs and centimes should I get in exchange for 
£314. LO3y 2 


21. The Four Compound Rules. In applying the rules of 
Addition, Subtraction, Multiplication, and Division to compound 
quantities, the advantage of Decimal Tables lies in the fact that all 


processes of reduction required in carrying the work from one 
denomination to the next are performed automatically. 


22. Addition. 


Exampie. Compare the following additions m British and Decimal 
Tables. 


BRITISH. DECIMAL. 
ie 8. d. 1 Peg or 
(i) 43.9. 4 (it) gases 
Fares 84 407, 3 
103.14. 3 8°30 
199. 842114 | 129,81 
io) A te ye 14,738 
456. 3. 54 647,48 


In (ii), on adding the centimes, we get 248c., that is, 2 francs 
48 centimes ; thus the number of francs to be carried from the second 
column of figures is the same as the number of hundreds which we 
should carry from that column if we were adding simple quantities. 
The mental process is therefore merely that of adding abstract numbers. 
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EXAMPLES II. b. 
ADDITION. 


Add the following sums of money (writing down the answers only) : 


a 8 d. > ie: B d. ie. G, 

1. O babar Bat eae" 4 BM AS ils 4 : rs Pes: | Beeb 
13% 4e% i Phaee | Gotan < 3,08 

1s eR crea A he eee 3: 17,30 

19 .ve4 132 2 23 , 64 

+ AA A RAT 5 - SN Mae? ir, -¢, 

4, 3°. Qu Qe Dome ye 19-559 6) ATS 1 
‘ees 1b Ries 7) 108 34 102,09 
13.11. 43 i. 25 37,45 

4 Ou £9 POEs D) 5B 800, OO 

| a Waaaes Beevers 2 BOs 1: , 2k 42,07 
SNE d. sae d. $.  ¢. 

ie 6 ae 8. 213. 18 . . 64 9. 318,07 
LS AO eee? i o/s» lara: 46,28 
20 10. 2s 13... 11.102 201,10 

DO A ice Om ZO. 8-14 13,93 

ia SeRre. 4h 316. 7. 9% 15-22 
Sate (Wf 93 toe. Oe ib 81,00 


Find the total of the following payments : 


10. £12. 9s. 5d., £14. 3s: 7Td., £8. Os. 1ld., £7. 5s. 4d., £3. 6s. 4d., 
and £6. 2s. 5d. 


11. fr. 62,04, fr.49,00, fr. 192,70, 23c., fr. 6,03. 
12. $42,32, $79,09, 18¢., $40,90, $100,01. 


13. Add the following sums of money in columns, also in rows. 
Find and check the grand total. 


£. 8. d. re ae F d. £ eo 
foes 3 1149 GE EOBAL TID >. <9 (lil) 3148 ag 
SOS ee Oe L Sits aaa | Race 672° 14-9 
8070 . 13 . 10 ES hag’ § ieee) HMB 2 3 
9001 OO 409.15. O 1G on 
Gio2 1% 8 VIO. eT HOS > 6S 
Siar? Om Dt bose. lo. iB 2749. 9. 1 
1306 15s. 4 4576: 3.. 6 1347. Ts 4 
So120. 8.5 2 5847. 16....28 6924 sr Bots .O 
13984. 4. 9 no ama a Be 4867 > 12°... 6 
6) ih OE ED 7082134. . 2 439 . 19 . 10 
1009. 19. 11 5489 . 11.10 OF 78 ive. ee 
TOUS Ts G6 bar 1S 4 A Samanta Oa i 
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23. Subtraction. 


Exampie 1. Compare the following processes of subtraction im British 
and Decimal Tables. 


BRITISH. DECIMAL. 

Ping Be d. $.  ¢. 

eyo 5 Cretan Gi.) S108 Min 

Ja. Sar OF 89,17 

i : rea i! 62 $18, 94 


In each case the method of Complementary Addition should be used. 
[Art. 5.] 


(i) lst step. Since 3f. cannot be taken from 2f. we add 4f/. to the 
farthings in the top line, and 1d. to the pence in the lower line. 


QInd step. Since 10d. cannot be taken from 4d., we add 12d. to the 
pence in the top line, and 1s. to the shillings in the lower line. 


3rd step. We add 20s. to the shillings in the top line, and £1 to the 
pounds in the lower line. 

The mental work is briefly as follows: 

3f. and 3f., 6f.=14d. Set down 3f.(2d.) and carry Id. 

10d. and 6d., 16d.=1s. 4d. Set down 6d., and carry ls. 

9s, and 17s., 26s. =£1. 6s. Set down 17s., and carry £1. 

£4 and £1, £5. Set down £1. 


(ii) Here the process is simply that of finding how many cents must 
be added to 8917 cents to make 10811 cents. 


ExaMpLE2. Subtract the sum of £3. 6s. 2d., £4. 18s. 83d., £5. 138. 64d., 
and £2. 7s. 84d. from £25. 17s. 43d. 


Write down £25. 17s. 44d. and draw a line under it; then place the 
other sums of money under the line. Then we have 


of., 4f., 6f.,=14d., and Of. =14d. ; carry ld. 3h 7 me 
Qd., 15d., 23d., 25d.,=2s. 1d., and 3d.=2s. 4d. ; Weare * 
carry 2s. dag 48 5 OR 
Qs., 128., 20s., 268., 368., 468.,=£2. 68., and 11s. Riko 0% 
=£2. 17s. ; carry £2. PigueT” Bh 
£4, £9, £13, £16 and £9= £25. gneth es 


| 


In the work of each column the figures in deeper type are those to be 
set down in the answer. 


The result may be checked as in Ex. 2 of Art. 5. 
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EXAMPLES II. ec. 
SUBTRACTION, 


Find in each case the difference between the following sums of 
money : 


se, Bice Oe ee hth £, 5, ae 
eae. PA 2. £08 Seay. A 3... 80°. eae 
(cao Saami | Bl7 212. 5k 74. 19. 08 
Pee, Fre, $.  ¢. 
4, 486,27 5, 750,00 6. 2308, 07 
197,89 89, 25 639,48 


7. If I pay a bill of £3. 138. 5d. with a five-pound note, how much 
change should I get? 


8. What must be added to £93. 18s. 45d. to make up £100? 
9. Find the excess of fr. 375,50 over fr. 368,72. 
10. By how much does $699,99 fall short of $1000,00 ? 


In the following subtraction sums supply the missing figures in the 
places marked by asterisks. 


= ais 8. d. + Cane A +. a. gs 
OY MA Ay ha FA 19 2 O3R r* 13, 365 See 
496. 5. 4 20D Ae 1 19 See 
Deore LT LO Viiteat ko iai| 240 19 eg 


In the following examples the sums of money below the dotted line 
are to be added together and their sum is to be subtracted from the top 
line. (Only the answer is to be written down. ) 


£ 8 d £: 8 d. Fan 8 d. 
14, 105.13. 2 15, 129.14. 5 16, 678. 15. 63 
Wines 2. 9 pi Bet 4° Ra Bf 354 . 13. 3} 
43. 5..4 16 9 2 213. 10. 44 
Loe e938 15 5 4 20 6 8 


17. Subtract the sum of £29. 12s. 7d., £19. Os. 10d., £37. 17s. 11d. 
from £97. 8s. 3d. 


18, Having a balance of £269. 15s. 6d. at my bank, I draw cheques 


for £75. 7s. 5d., £87. 15s. ld., £42. 49. Qd. and £17. 12s. 6d. How 
much have I left ? 
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24. Multiplication. 


Case’ I. 


MULTIPLICATION. 23 


When the multiplier can be 


resolved into convement factors. 


Exampe. Mudtiply (i) £16. 18s. 63d. by 35; (ii) 16 dollars 18 cents 


by 30. 
BRITISH. 
a See ett» d. 
(1) 16. 18 Vn6s 
ae 118°. 9. 9% 
592... Sah lds 


ee 


In (i) the multiplication is 
reducing pence to shillings, and shillings to pounds. 


DECIMAL. 
$. ¢. 
(ii) 16,18 
7 


113, 26 
5 


$566 , 30 


retarded by the necessity of mentally 
In (ii) the mental 


process throughout is the same as if the multiplicand were the simple 


quantity 1618 cents. 


Case Il. When the multiplier is large or not readily expressed in 


Exameie. Multiply (i) £27. 6s. 53d. by 817; (ii) 27 francs 6 centimes 


factors. | 
by 817. 
(i) 4|2451 farthings ere} 
612...3 
4085 
12 | 4697 pence ......- (11) 
391...5 
4902 
20 | 5298 shillings ... (iii) 
264...13 
1634 ) 
5719 f 


22323 pounds..... (iv) 
£22323. 138. 53d. Ans. 
£¥.-G, 


(ii) 27,06 
8 17 


fr. 22108 , 02 


Multiply 817 by the number of farthings. 
The result is reduced to pence, giving 
612d. and 3f. over. 


Multiply 817 by the number of pence and 
add in the 612d. The result is reduced 
to shillings, giving 391s. and 5d. over. 


Multiply 817 by the number of shillings. 
and add in the 391s. The result is 
reduced to pounds, giving £264 and 
13s. over. 


Multiply 817 by the number of pounds 
and add in the £264, giving a total of 
£22323. 


Remembering that 27 fr. 6c. 
—2706 centimes, we arrange the 
work as shewn on the left. 


The multiplicand is now treated 
as the simple number 2706, and 
the work proceeds as in ordinary 
multiplication. 


—22108 fr. 2c. Ans. 


24 ARITHMETIC. , [cHAP. 


Norse. Work in Compound Multiplication may in many cases be 
shortened by the method of Aliquot Parts explained in Chapter v1. 


EXAMPLES II. d. 
MULTIPLICATION. 
Multiply 
1. £15. 7s. 11d. (i) by 3; (ii) by 7; (iii) by 11. 
2. £26. 9s. 44d. (i) by 4; (ii) by 7; (iii) by 9. 
3. 208 fr. 15¢. (i) by 5; (ii) by 9; (iii) by 12. 
4, 417 dols. 8 cents (i) by 6; (ii) by 8; (iii) by 10. 


Multiply 
5. £28. 16s. 3d. by 16. 6. £26. Os. 44d. by 20. 
7. £23. 2s. 7d. by 49. 8. £41. 5s. 23d. by 72. 
9. fr. 738,05 by 88. 10. $507,09 by 96. 


11. Multiply (i) £23. 2s. 7d. (ii) 23 fr. 27c. by 10; by 100; by 1000, 


12. Multiply £41. 5s. 23d. (i) by 8. Hence obtain the values of 
(ii) £41. 5s, 24d. x9; (ili) £41. 5s. 24d. x 17. 


Multiply 
13, £37. 15s. 7d. by 29. 14, £23. 2s. 7d. by 79. 
15. £27. 6s. 4d. by 122. 16. £46. 5s. 2d. by 177. 
17. £82. 10s. 5d. by 141. 18. £37. 0s. 24d. by 286. 
19.” fr. 40,21 by-177: 20. fr. 76,03 by 307. 


21. Twenty-nine members of a club agree to subscribe £3. 2s. 6d. 
each towards the extinction of a debt of £100. How much more will 
be wanted ? 


22. <A tradesman bought 96 yards of cloth at 2s. 93d. a yard and 
sold the whole at 3s. 3d. a yard. What was the total profit ? 


23. Six men work 290 days in the year for a daily wage of $2,35 
each : what is the total sum earned ? 


24. A company has 6500 Ordinary shares and 5250 Preference shares. 
What sum will be required to pay a dividend of 5s. 3d. on the former 
and 4s. 6d. on the latter ? 


hod 
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25. Division. The advantage of decimal tables is further seen 
on comparing. the following examples in Division. 


EXAMPLE 1. (Partition.) Divide (i) £783. 9s. 5d., (ii) 783 fr. 90c. 
into 47 equal parts, and find the remainder. 


BRITISH. , DECIMAL. 
2 aoe: SEA A PPC; 
(i) Adeieases9 sO 216. (ii) 47) 783,90(16fr. 67c. 
Pee ai 
’ 313 313 
282 282 
31 319 
20 282 
47 ) 629 ( 13s. 370 
47 329 
159 ~ remr. =41 centimes. 
141 
78 .. each part=16fr. 67c., 
righ with 41 centimes over. 
47 ) 221 ( 4d. 
pied Throughout the division the 
33 dividend is considered as the 
ae simple quantity 78390 centimes. 
47 ) 132 ( 2f. 
94 


remr. = 38/. = 94d. 
*. each part=£16. 13s. 43d., 
with 94d. over. 


Nore. In each case the written work might be abridged by the 
Italian method. 


EXAMPLE 2. (Quotition.) (i) How many times 1s £2. 14s, 7d. con- 
tained in £564. 19s. 1d.? (ii) How many times is 31 fr. 28 c. contained 
mm 6475 fr. 1c. ? 


In each case reduce both sums of money to their highest common 
denomination, and divide the second sum by the first. 


Nis er so, FM 6 
54 erie © eee 564" 2 TOE 655 ) 135589 ( 207 
20 20 5; 1310 
54s. 11299s. 4589 
12 12 4585 
655d. 135589d. remr. =4d. 


Ans. 207 times, remainder 4d. 
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3128 ) 647501 ( 207 
(ii) 31 fr. 28c.= 3128 centimes ; 


6475 fr. 1c¢.=647501 centimes. 21901 
21896 
Ans. 207 times, remainder 5 c. remr. =5 centimes. 


Observe that in (ii) the necessary reduction is done at sight. 


EXAMPLES II. e. 


Division (Partition). 


Divide 

1, . £37. 158. bdo By. 7, 2, £51. 16s. 6d. by 9. 
3. £54. 15s. Od. by 12. 4, £260. 3s. 9d. by 10. 
5. 109 fr. 92 cc taa's: 6. 509fr. 8e. by 11. 


7. If £99. 15s. is equally divided among 10 men, and the same 
amount equally divided among 12 women, by how much does the share 
of each man exceed that of each woman? 


8. How much must be added to one-ninth of £250. 10s. to make 
one-erghth of the same sum? 


Divide 
9, £409. 14s. 8d. by 56. 10. £2970. 15s. by 72. 
11... fr: 2218, 757byi5s: 12. $8643,84 by 96. 


13, Write down at sight (in francs and centimes) 
(i) one-hundredth, (ii) one-tenth of fr. 7308. . 
14, If £2312. 18s. 4d. is divided (i) into 100, (ii) into 1000 equal 


parts (omitting fractions of a penny), find the value of each part, and 
the remainder, if any. 


Divide as far as pence (or centimes, or cents), noting remainders: 


15. £326. 4s. 7d. by 100. 16. 608 fr. 23¢. by 100. 
17. £489. 9s. 1d. by 19. 18, £695. 6s. 11d. by 43. 
19. £6643. 5s. 3d. by 161. 20. £2497 by 397. 

91. fr. 4936,70 by 267. 22, $8271,00 by 407. 


23, A company having made a net profit of £26,872. 15s. carries 
forward £2116. 10s. to the next year’s account, and distributes the 


remainder equally among 300 shareholders. How much does each 
receive ? 
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(Quotation. ) 


How many times is the first of the following sums contained in the 
second ? 

[Be careful in each case to reduce both sums to their highest common 
denomination ; for instance in Ex. 24 to half-sovereigns, in Ex. 25 to 
half-crowns, and so on. | 


94, £5. 10s. in £93. 10s. ? 25, £3. 7s. 6d. in £37. 12s. 6d. ? 
26, £4. 5s. in £148. 15s.? OF, 3s, 6d. in £4. Os. 6d. ? 

98, £7. 14s. in £346. 10s. ? 99, £2. 10s. 7d. in £35. 8s. 2d.? 
30. fr. 47,03 in fr. 3386,16 ? 31, fr. 23,80 in fr. 2641,80? 


32. How many payments each of £33. 18s. 1d. can be made out of 
£779. 16s. 9d., and what will be the remainder ? 


33, How many times can £7. 11s. 2d. be subtracted from £100, and 
what will be the remainder ? 


34, If coal is £1. 3s. 8d. a ton, what is the greatest number of tons 
I can buy for £86, and how much money should I have over? 


35. By distributing £2416. 13s. 4d., a company can pay a dividend 
of 4s. 10d. per share. How many shares are there? 


EXAMPLES II. f. 
ComrounD RuuEs. MONEY. 
(Examples 1-15 should be taken orally.) 


1. How many six-pences are there in 15s. 6d., in 29s. 6d., in £3. 11s., 
in £2. 6s. 6d., in £5. lls. 6d. ? 


2. Add together 
(i) 4d., 5d., 7d., 9d., 11d. (ii) 6d., 9$d., 10d., 103d. 
(iii) 34d., 74d., 6d., 84d., 134d. (iv) 1s. 2d., 2s. 6d., 38., 38. 4d. 
3, What change should be given when 


(i) 33d. is taken out of I shilling? 
VT SA © G ARNE Po 3, 1 florin ? 
Pete Sh. Oi cis ae nee half-a-crown ? 
Peers LOK... 0 ines echaen nee half-a-sovereign ? 
SUVS C7 SRO ER Per Bes 1 sovereign ? 
CVRD, G8. D0. bs sevensqeenneetes a five-pound note ? 
4, Give the cost of a dozen things at 
(i) 5d. each ; (ii) 7d. each ; (iii) 34d. each ; 
(iv) 94d. each ; (v) 44d. each ; (vi) 63d. each ; 
(vii) 114d. each; (viii) 1s. 4d. each; (ix) Is. 7d. each; 
(x) ls. 24d. each; (xi) 2s. 8d. each; (xii) 3s. 6$d. each. 
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5, Give the cost of 20 things at 
(i) 4s. each ; (ii) 5s. 6d. each; = (ili) 28. 3d. each; 
(iv) 7s. 6d. each; (v) £1. 48. each; (vi) £2. 5s. 6d. each. 


6. State the value of 8 half-crowns, 3 half-crowns, 5 half-crowns 
7 half-crowns, 11 half-crowns, 13 half-crowns, 25 half-crowns. 


7, Add together 
(i) 2s. 6d., 7s. 6d., 3s. 8d., and 6s. 4d. 
(ii) ls. 2d., 3s. 10d., 4s. 3d., 5s. 9d., and 10s. 
(iii). £1. 33.; £2. 7s, £2 12s., £3. 8s:, £4. 158. ante 


8. At a stationer’s shop I spend 2s. 3d. and 6s. 8d. ; what change 
should I get out of half-a-sovereign ? 


9, For things costing 3s. 6d., 4s. 8d., and lls. 4d. I tender one 
sovereign. What change should I get? 


10. Third-class fare is a penny a mile. If for a third single ticket 
from Paddington to Exeter (194 miles) I tender a sovereign, what is my 
change ? 


11. Reckoning first-ciass fare at twopence a mile, what should be 
the change out of a sovereign after paying for a first single ticket from 
Oxford to Bristol (76 miles) ? 


12. What is the cost of 6 yards of silk at 4s. 8d. a yard? | 

13. What is the cost of 9 lbs. of tea at 2s. 4d. a pound? 

14, What is the cost of 10 tons of coal at 24s. 6d. a ton? 

15, Five guineas are to be equally distributed among 21 persons: 
how much should each get ? 


16. I have £3. 2s. 6d. in my purse; after paying two bills of 
£1. 7s. 5d. and 19s. 2d., what have I left? 


17. Subtract the sum of £2. 6s. 7d., £3. 2s. 2d. from £6. 13s. 10d. 


18. By how much is the sum of £43. 2s. 74d. and £76. 17s. 24d. less 
than £120? 


19, I have £95 in the bank; what is my balance after writing 
cheques for £24. 6s. 1ld., £13. 17s. 4d., £32. 5s. '7d., and £5. 2s. 8d.? 


20. What is the cost of 18 yards of linen at 2s. 8d. per yard? 


21. How much does a man earn in 55 days of 8 hours each at 5d. 
per hour? 


22. What amount of money can be equally distributed amongst 14 
persons if each is to receive £15. 7s. 11d.? 


23. Divide £3744. 13s. by 42, using short division. 


24. A sum of £31. lls. 6d. is equally divided between 36 men: how 
much does each receive ? 
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95. If I buy three jugs at 1s. 3d., ls. 6d., and ls. 9d. respectively, 
and 4 dishes at ls. 5d. each, how much do I spend altogether ? 
96. How many books at 3s. 6d. each can be bought for £35. 17s. 6d.? 


97, A Christmas dole of £7. 8s. 6d. was divided amongst 297 poor 
children. How much did each receive ? 


98, How many half-crowns are there in £561. 12s. 6d.? 


99, How many payments of £5. 11s. 3d. each can be made with a 
sum of £483. 19s. 4d., and how much will be left ? 


30, With £60 to begin with, for how many days can a man spend 
5s. 6d. a day, and how much will then be left ? 


31. In how many weeks can a man save 15 guineas to buy a bicycle 
if he saves 5s. 10d. a week? 


32, How many persons can each receive £1. 3s. out of a sum of 
£170. 10s. 2d.? And if the balance is distributed equally among them, 
how much more will each receive ? 


33. Ata school treat a sum of £11. 14s. 9d. was used in giving a 
threepenny piece to each child. How many children were there ? 


84. Write down the sum of money in the missing line of the 
following examples in addition. 


oa Paar) a 8 d. ay 8. d. 
EtG 7 6 names 2. (itl) 127 me 
(3 81989 ee * 5 46 S188) 
15. 6*246 113! 6 $64. Daeaamnes 
67.19. 4 Hie 0 505 10m 


35, To how many persons may the sum of £19. 19s. 1ld. be paid 
out of £10,000? How much may each of 25 other persons receive from 
the residue ? 


36. A sum of £43. 48. 5d. is made up of an equal number of pounds, 
shillings, and pence. How many are there of each? 


27. In four successive years a business cleared £401. lls. 10d., 
£491, 8s. 8d., £528. 6s. 1ld., and £719. 4s. 3d. respectively. What 
were its average annual profits ? 


38, A man’s yearly income is £741. 12s. 6d. and his daily expendi- 
ture a guinea and a half. How much does he save in an ordinary year ? 


39, Find the total cost of three dozen pocket-handkerchiefs at 
ls. 10d. each, two-and-a-half dozen collars at 94d., and one dozen neck- 
ties at 1s. 11d. each. 


40, Divide £67 between A and B so that A may have £13 more 
than B. 


30 ARITHMETIC. [CHAP 


41. How must £265 be divided between A, B, and C so that A may 
have £40 more than B, and B £15 more than C? 


42. A certain sum of money was divided among A, B, and C: 
A and B received £18. 19s.; A and O, £17. 13s. 6d.; B and C, 
£15. 12s. 6d. How much did each receive? 


43, If the income tax is 1ld. in every £, what amount of tax would 
aman have to pay whose income was £850? . 


44, At lld. in the £ a man has to pay income tax amounting to 
£45. 16s. 8d.; what is his income ? 


45, A tradesman’ buying articles at the rate of £3. 7s. 6d. per score, 
sells at £2. 2s. 6d. per dozen. What profit does he make on one such 
article? What profit on 1000 articles ? 


46. Cloth was bought at 2s. 93d. a yard and sold at 3s. 3d. If the 
total profit came to £2. 4s., how many yards were bought and sold ? 


47, A wine merchant mixes 29 gallons of wine which cost him 
15s. 8d. a gallon with 17 gallons at 23s. 4d. a gallon. What is the 
value of one gallon of the mixture ? 


48. A grocer mixes 1] lbs. of tea at 2s. 6d. with 15 Ibs. at 1s. 10d. 
and 14 lbs. at 2s. ld. per pound. If he sells the whole at 2s. 4d. per 
pound, what does he gain per pound, and what is his total gain? 


49, To bring goods from Zanzibar to Unyamwezi costs £200 per ton, 
and, in consequence, calico which costs 14d. a yard in Zanzibar costs 
dd. a yard in Unyamwezi. How many yards are there to the ton? 


50. In the first. four months the takings of a business are respec- 
tively £335. 2s. 1$d., £371. 15s. 1ld., £401. 11s. 54d., and £446. 11s. 6d. 
What must be the average takings for the remaining months in order 
that the total receipts for the year may be £5000? 


26. Tables of Length. 
BRITISH. 
12 Inches (in.)=1 Foot (ft.). 
3 Beet =1 Yard (y d.). Short lengths will be usually 
1760 Yards =1 Mile (mi.). expressed in feet and inches ; as 
: 7 ft. 2 in. (or, less commonly, in 
The following measures are yards, feet, and inches, as 2 yds. 
sometimes used : 1 ft. 2 in.). : 
1 furlong = 220 yards ; Long distances will be gene- 
so that 8 furlongs=1 mile. rally expressed in miles and 


ards, as 7 mi. 480 yds. 
1 pole=54 yards ; yards, as / ml y | 


so that 40 poles=1 furlong. 
1 chain =22 yards = 100 links. 


% 
PY 


4 


11] THE METRIC TABLE OF LENGTH. 31 


METRIC. 

10 milli-metres (mm.)=1 centi-metre (cm.). Here the metre 

: 7 - is considered as 
10 centimetres ; =1 deci-metre (dm.). ict hart 
10 decimetres =1 metre (m.). of length, and ac- 
10 metres =1 deca-metre (Dm.). cordingly gives its 
10 decametres =1 hecto-metre (Hm.). name: to the whole 

: system. 

10 hectometres =1 kilo-metre (Km.). 


Short lengths will be expressed in metres, decimetres, and centimetres ; 
as 5m. 3dm. 7 cm.: shorter lengths in centimetres and millimetres ; as 
8 cm. 4mm. 

Long distances will usually be expressed in kilometres and metres ; as 
9 Km. 356 m. (decametres and hectometres being little used). 


Nots. 1 metre=393 inches (nearly) ; 
so that the metric unit of length is roughly 34 inches longer than the 
yard. 


A scale comparing inches and centimetres is given below. 


Centimetres 


1 Inches 2 3 


In this scale the first inch is subdivided into 10 equal parts. 

The first centimetre is also subdivided into tenths, that is to say, 
into millimetres. ae 

The diagram shews that 1 centimetre is slightly less than four 


tenths of an inch. 


27. The Metric Table may be arranged thus: 


1 decametre = 10 metres. | 1 decimetre = ao metre. 
1 hectometre= 100 metres. Z centimetre = sho metre. 
1 kilometre =1000 metres. 1 millimetre =r 00 metre. 


Here, the metre being taken as the unit, the higher denominations 
are shewn by Greek prefixes : Deca- (10), Hecto- (100), At/o- (1000) ; 

while the corresponding subdivisions are shewn by Latin prefixes ; 
deci- (+5)s centi- ito) milli- (x0 00): 

For the sake of greater clearness it is usual to write the prefixes 
for the higher denominations with a capital letter. 
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Observe that the Metric Table of Length is constructed on the 
same plan as the Vumeration Table; that is to say, each denomi- 
nation is ¢en times the denomination next below it, just as in any 
abstract number each digit has a “ place-value” ten times that of 
the next digit on its right. 

For example, 

Just as 3765 =3 thousands +7 hundreds +6 tens +5 units, 

so 3765 metres=3 Km. +7 Hm. +6 Dm. +5 m. 

Similarly 4080 metres=4 Km. +0 Hm. +8 Dm. +0 m. 

Conversely, 5 Km. 9 Hm. 1 Dm. 2 m. =5912 metres. 

Similarly 7 Km. 3 m. = 7003 metres. 

In like manner, 

8m. 5 dm. 6 cm. = 856 centimetres = 8560 millimetres. 
Conversely, 


7090 millimetres = 709 centimetres=7 m. 0 dm. 9 cm. 


Hence in the Metric Table all processes of Reduction follow the 
laws of Numeration, and can be performed at sight. Consequently 
Addition, Subtraction, Multiplication, and Division in Compound 
metric quantities differ in no way from the corresponding work in 
Simple quantities. Herein lies the overwhelming advantage of a 
decimal over a non-decimal system of Tables. | 


EXAMPLE 1. Compare the following additions in British and Metric 
Tables of Length. 


BRITISH. METRIC. 
mi. yds. Km. metres. 
(i) 57 eRe, (11) 3). ke 
lh. Sees 17+. as 
Se 2. 9 +. B22 
Ole eee 2) . 540 
2530 (1 mi. 52 eee 
1760 "ae 


51 mi. 770 yds. 


In (i) we obtain on addition 2530 yards. This we divide by 1760, 
setting down the remainder 770 yds. and carrying the quotient 1 mile 
to the next column. 


In (ii) we obtain 2530 metres, namely 2 Km. 530 metres; so that the 
number of metres set down and the number of kilometres to carry are 
just the same as if the quantities to be added were simple. 
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EXAMPLE 2. Multiply (i) '7 yds. 2 ft. 5 in. by 11, (ii) 7m. 2 dm. 5 cm. 
by 11. 


BRITISH. METRIC. 
Voss ihe), in. m., dm.. cm. 
Oo oe ac Sai EVER fs or OO 
ll HW 
cha Ay | ‘7h! kde weahy at 


In (i), to get the carrying figure at each stage, inches must be reduced 
to feet, and feet to yards. 


In (ii) the carrying figures are the same as if the multiplicand were 
the simple quantity 725 cm. ; 


for 55cm. =—5 dm. 5cm.; set down 5, and carry 5. 
And 27 dm.=2m.7dm.; set down 7, and carry 2. 


EXAMPLES II. g. 


Compounp RULES. LENGTH, 
Reduce.to inches 


1. 8 ft. 5 in. Ds Dae Bone paler: 3, 19 yds. 2 ft. 11 in. 


Write down the number of centimetres in 


4, 7 metres. 5, 8 decimetres. 6..° 7m. 8\dm. ovem: 
7, 6m.9dm.3cm. 8 6m. QOdm.3cm. 9, 6m. 9 dm. 0 cm. 
10. 5m. 3 dm. 11. 5m. 3cm. 12, 5dm. 3 cm. 


Reduce to yards 
13. 84 miles. 14, 11 mi. 250 yds. « 15, 4 fur. 111 yds. 


Write down the number of metres in 


- 16. 7 kilometres. 17. 8 hectometres. 18. 3 decametres. 


19. 7Km.8Hm.3Dm. 20, 7 Km. 8 Hm. 3m. 21. 7 Km. 8 Dm. 3 m. 
99, 7 Km. 830 m. 93, 14 Km. 14m. 94, 141 Km. 4m. 


95. Reduce (i) 171 in., (ii) 493 in. to yards, feet, and inches. 


Write down in compound quantities 
96. 723 centimetres. 27, 813 centimetres. 28, 905 centimetres. 
99, 7020 millimetres. 30, 702 millimetres. 31. 5173 metres. 
89. 5002 metres. 33 5200 metres. 34, 5020 metres. 


35, How many inches are there in a quarter of a mile? How many 
feet in five miles and a quarter ? 


AR. H.S. Cc 
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36. How many chains are there in a mile? How many inches in 


chain? The length of 1 link is between 7 inches and 8 inche 
which of these is nearer to the actual value? (Shew work 
justify your answer.) 


Add together the following quantities : 


37. 


43. 


44, 


45. 
46. 


47. 
48, 
49, 


50. 


ol. 


52. 


53. 


wog., ft, in, m. dm. cm. dm. cm. mm. 
BS Divert BR ane, 39. 4°2.8 
ial nek creel Ges ee 
Bed yack gh Sey Si, ae 
Lee, oO Mead. sD 1 ee 
3.0.4 5.0... 4 3, O..4 
miles. yds. Km. metres. fur. yous 
5. 100 41. 5. 100 42. 4.457 
2. Old 2. 375 6 .cie 
3. 950 3. 950 5. 80 
12 .<876 12... 376 i. ee 
2219 1A. 219 2.) eee 
Subtract (i) 4 yds. 2 ft. 9 in. from 16 yds. 2 ft. 0 in. 


(ii) 4m. 2dm. 9 cm. from 16 m. 2 dm. 0 cm. 
By how much does 7 mi. 980 yds. fall short of 10 miles? And | 
how much does 10 kilometres exceed 7 Km. 980 m. ? 
Multiply (i) 5 yds. 1 ft. 7in. (ii) 5m. 1 dm. 7 em. by 9. 
Divide (i) 35 yds. 1 ft. 7 in. (ii) 35 m. 1 dm. , em. by 11; an 


find the remainder in each case. 


A circular track is 2 fur. 88 yds. round. How far will a eyoly 
have ridden when he has gone round 40 times ? 


If telegraph posts stand at intervals of 25 metres, how man 


kilometres apart are the 1st and 241st posts ? 


A train is travelling at the rate of 36 miles an hour: how man 
yards will it run in half a minute ?. 


How many pieces of calico each 14 ft. 6 in. long can be cut from 
roll of 50 yards, and how much will be left? 


A carriage wheel is 8 ft. 3 in. in circumference: how man 
revolutions does it make in travelling 7 mi. 1331 yds. ? 


A surveyor measuring the four sides of a field finds them to f 
5 ch. 50 lks., 5 ch. 10 lks., 4 ch. 75 lks., and 4 ch. 65 Ik 
What is the ‘distaged all round the field (i ) in chains, (ii) 1 
yards ? 


The average speed of a certain mail-boat is 18 knots an hour, 
knot being 2026 yds. 2 ft. Two passengers estimate her dail 
run at 497 miles and 498 miles respectively : which estimate | 
nearer the truth? 
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54, A gang of men began laying a section of railway, 67 mi. 500 yds. 
in length, on the merning of January Ist, and just finished by 
the end of the month. What was the average advance per 
day ? 

Had the length of the section been 67 Km. 500 m., and the 
daily advance 2 Km. 177 m., how much would have remained 
to be laid at the end of the month ? 


55, <A cage is lowered into a mine by a steel rope run off a drum 44 ft. 
6 in. in circumference. If the drum makes 2 revolutions in 
‘every 3 seconds, and the cage descends in 45 seconds, what is 

the depth of the shaft ? 


Tables of Weight and Capacity. 
28. Weight. 


Britis. (Avoirdupois.) The following 


weights are some- 


16 ounces (oz.) | =1 pound (1b.). times used : 
28 pounds =1 quarter (qr-). loz. =16 drams (dr. ). 
4 quarters —1 hundredweight (cwt.).| 1 1b. =7000 grains (gr. ). 
20 hundredweight= 1 ton. | 1 stone=14 Ibs. 
METRIC. 
10 milli-grams (mg.)=1 centi-gram (Cg.). The following 
10 centigrams =1 deci-gram (dg.). weights are some- 
10 decigrams =1 gram (g.). timed ey 
10 grams =1 deca-gram (Dg.). 100 Kg. = 1 quintal. 
10 decagrams =1 hecto-gram (H¢g.). 1000 Kg. =1 tonne. 
10 hectograms =1 kilo-gram (Kg.). 
Notes. 


(i) The gram is the Metric unit of weight ; and the prefixes Deca-, 
_ Hecto-, Kilo-, deci-, centi-, milli-, are used with the same meaning as in 
the Metric Table of Length. 


(ii) 1 gram =154 grains (nearly). 
- 1 kilogram =2% pounds (nearly). 

Hence the British ton and the Metric tonne are nearly equal, for 
1 ton (British) =2240 lbs. 
1 tonne (Metric) = 2200 lbs. (nearly). 


Further information as to the connection between the Metric and 
the old British systems will be found in Chapter VIII. 
(iii) For the precious metals a special ounce, called the ownce Troy, 
is at present used. 5 
1 oz. Troy =480 grains. 
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29. Capacity. 
BRITISH. 


These measures are used be 
for liquid and dry goods. 1 
2 pints (pts.)=1 quart (qt.). following are used for dry go 


4 quarts =1 gallon (gal.). onlyy ] hook =2 gallons. 


] bushel=8 gallons. 


METRIC. 
10 centi-litres (cl.)=1 deci-litre (dl.). 
10 decilitres =1 litre (1.). These measures are us 
10 litres =1 deca-litre (Dl.). | for liquid and dry go 
10 decalitres =1 hecto-litre (H1.). alice: 
10 hectolitres =1 kilo-litre (K1.). 

NotEs. 


In the British system : 
A gallon is capable of containing 10 Ibs. weight of pure water. 


An ordinary tumbler contains about half-a-pint, so that 16 tumbl 
hold about 1 gallon. 


In the Metric system : 
The litre is the metric unit of capacity. 
1 litre=13 pints (nearly). 


EXAMPLES II. h. 
CompounpD RuLES. WEIGHT. CAPACITY. 


Reduce to pounds 


1. 9 cwt. 17 lbs. 2. 44 tons. 3. 2tons 3cwt. 2 q 
Write down the number of grams in : 

4, 5 kilograms. 5. 9 hectograms. 6... 3 Kg: 9 Hg. 

7.., 6 Hg. 41g. 8. 6Hg.4Dg.lg. 9, 34 kilograms. 
Express 


10. 400 oz. in pounds. 
11. 6000 lbs. in tons, hundred-weight, and pounds. 
12. 355 pints in gallons, quarts, and pints. 
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Write down in compound quantities 
13. 407 grams. 14. 4007 grams. 15. 4700 grams. 
16. 4070 grams- 17. 357 litres. 18, 2903 litres. 


19. Work out the equivalents of (i) 1 ton (British), (ii) 1 tonne 
(metric) in pounds; remembering that 1 tonne=1000 kilograms, and. 


1 kilogram =2¢ Ibs. 


Add together the following quantities : 


cwt. qrs. lbs. Kg. Hg. Dg Pred yicl 
Oh See ae 1S OT. 58. 00 ake De eSe. O52 
Ts ek) On Me ee Sieuleus 
ROy ers ae 4.8.6 eS 727.0 
eee eg 13.8 Gas MMO. OS 


93. What weight must be added to 11 cwt. 47 lbs. to make up 
1 ton? . 
And by how much does 1 kilogram exceed 9 Hg. 8 Dg. 7 g.? 


In the following examples the quantities below the dotted line are to 
be added together and their sum is to be subtracted from the quantity 
in the top line. (Only the answer is to be written down. ) 


tons cwt. qrs. 14. 2G he gsey gm. dg. cg. 
V7 Wiad A se a Ss PG) 68a fd pap al: ieee a 
EaeF 3 52 15; 2 O22eG et a 
QF GAZ} 20-7 SS Loe kee 9 
4] Seloe eV tb stake Cex 
2 UREETS ly Sie 14 S*ORk si LANA ess | 


_ One man weighs 12 stone 8 Ibs., another 166 lbs. By how much 
does the first man’s weight exceed the other’s? And what is their 


average weight? 


98, A small copper wire, evenly wound on a reel, goes just 48 times 
round. If the circumference of the reel is 4 ft. 3 in., and the wire 
weighs 3 ounces to the yard, what are the length and weight of the 


wire on the reel? 


99. A steel rope capable of working a load of 2 tons 10 cwt. weighs 
21 Ibs. to the yard. What would be the total weight of 280 yards of 


the rope together with the load above mentioned ? 


30, How many trucks each capable of carrying 6 ewt. 50 Ibs. may 
be loaded up from a stack of bricks weighing 10 tons? 
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dl, A collier cuts out an average of 3 tons 5 ewt. of coal per « 
How many trollies each carrying 13 cwt. will he fill in a working mc 
of 27 days? 


02, From a tank containing 2850 gallons water is drawn off | 
pipe which discharges a pint each second. The discharge tap is tur 
on at 9 o’clock, when will the tank be empty? ~ 


33. An engine of 1 horse-power will raise a weight of 55 lbs. thro 
10 feet in 1 second. How many tons would it raise the same heigh 
1 hour? [Give a rough answer to the nearest ton only. | 


30. Tables of Square Measure. 
D C D C 
A Fig. 1. B A Fig. 2. 8 


The familiar figures represented above are known as a squi: 
and a rectangle. 


In the square (Fig. 1) the length AB is equal to the breadth AI 


In the rectangle (Fig. 2) the length AB and the breadth AD | 
unequal. 


A square inch is the amownt of surface 
enclosed within a square of which each side 
is one inch in length. 


Similarly a square centimetre is the space 
enclosed within a square on a side of one 
centimetre. 


The terms square yard, square foot, square metre are to be understo 
in the same sense. : 
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31. An inch of length is called a linear inch to distinguish it 
from an inch of surface or square inch. 


The area of any figure is the amount of surface enclosed within 
its bounding lines. This is measured by the number of square 
inches or square centimetres (or other units of square measure) it: 
contains. 


32. To find the area of a rectangle, having given its length 
and breadth. 


Here ABCD represents a rectangle 
whose length AB is 5 inches, and breadth 4 
AD is 4 inches. 


Divide AB and AD into equal parts f 
representing inches; and through the  2}-------- t 
poe of division draw parallels as shewn 
oy the dotted lines in the diagram. 1p 4---1->" 4 
The rectangle ABCD is then divided A Pm isc) = 
8 4 5 


| 

' ! 

' | 

into equal compartments representing pia, = 
square inches. 


Now there are 4 rows, each containing 5 squares ; 
“, the rectangle contains (5 x 4) square inches. 


Similarly if the length=/ linear units, and the breadth b near 


units, then the area=(1 x b) units of square measure. 


This we may abridge by saying 
area of rectangle =length x breadth. 


EXAMPLES. 
(i) If the page of a book is 7 inches long by 5 inches wide, 


its area is 7 x5, or 35, square inches. 


(ii) If the top of a table is 6 feet long by 4 feet wide, 


its area is 6x 4, or 24, square feet. 


(iii) If a court yard is 30 metres long by 20 metres wide, 


its area is 30 x 20, or 600, square metres. 


Nore. It is correct to write “ area=(30 x 20) square metres”; but 
it is incorrect to write ‘‘ area=30 metres x 20 metres.” For a multiplier 
cannot be a concrete quantity, nor can any process of multiplication 
convert units of one kind (such as metres) into units of another kind 
(such as square metres). 
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33. We can now shew how a Table of Square Measure i 
derived from the corresponding Table of Linear Measure. 

The figure ABCD in the margin represents a 
square of which each side is 1 yard. That is, p re 
ABCD represents a square yard. 

Divide AB and AD into equal parts repre- 
senting feet, and complete the figure as explained 
in Art. 31. 

Then the square ABCD is divided into equal 
compartments representing square feet. 

Now there are 3 rows each containing 3 A E 
squares ; 

‘. the whole square contains 3 x 3, or 9, square feet.* 


i 
' 
1 
' 
1 

— 
‘ 
' 
! 
! 
' 

+ 
i 
' 
i 
‘ 
1 


wee ------ 


Hence from 

1 yd.=3 ft, we derive 1 square yd.=3%, or 9, square ft. 
Similarly from . 

1 ft. =12 in., we derive 1 square ft. =12, or 144, square in. 


1 my =10.dm, 7 1 square m. =10?, or 100, square din. 


Thus we have the following Tables of Square Measure. 


BRITISH. | METRIC. 
122, or 144, sq. in. =1 sq. ft. 102, or 100, sq.mm. =1 sq. cm. 
of, or (9) Sq.chtr=adeaq. yd. 102, or 100, sq. em. =1 sq. dm. 
(1760)? sq. yds. s2-=1 sq/m: 10%, or 100, sq. dm. =1 sq. m. 
and so on. 
Nortss. 


(i) A beginner often confuses the expressions three feet square anc 
three square feet. 


Three feet square denotes the square on a side of 3 feet, that is, the 
whole square represented by ABCD in the last diagram, viz. 9 sq. feet. 


_ Three square feet denotes an area represented by one row of square: 
in the same diagram. 


(11) Figures of different shapes may have the same area. We imply 
pou as to the shape of a figure when we say that its area is 3 square 
feet. 


*The product of a number multiplied by itself is called the square of that number. 
Thus 3X3 is read ‘3 squared,” and may be written 32. 
4x4 9 “4 squared,” ” oe) ” 44, 
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EXAMPLES II. k. 
CompounD RULES. SQUARE MEASURE. 


1. Point out rectangular objects and surfaces in the room, and 
measure or estimate their length and breadth. 


2. What is meant by the area of a figure, and in what units is it 
expressed ? 
Draw figures on squared paper to shew that a figure whose area is 
1 square inch is not itself necessarily square. 
3. Draw figures on squared paper to shew why 
(i) 1 square foot = 12%, or 144, square inches. 
(ii) 1 square metre = 10%, or 100, square decimetres. 


4, State the area of the following in square feet : 
(i) A door, 8 feet high and 4 feet wide. 
(ii) The top of a table, 6 feet long by 5 feet broad. 
(iii) A window, 7 feet long by 3 feet wide. 
(iv) A wall, 20 feet long by 12 feet high. 


5. A sheet of paper is 12 inches long by 8 inches wide; what is 
its area in square inches ? 


6. The length of a rectangular play-ground is 60 metres, and its 
breadth is 45 metres; how many square metres are there in its surface? 


7, What is the area of a square play-ground of which each side 
measures 90 yards ? 


8, A slate isa foot long and 8 inches wide; how many square inches 
are there on one side of it? 


9. A plank is 4 feet long and 10 inches wide; how many square 
inches are there in its upper surface ? 


10, A drinking-trough is 4 yards long and 4 feet wide. Give the 
area of the water surface in square feet. 


11. A strip of silk is 5 metres long by 8 decimetres wide; how © 
many square decimetres are there in it? 


Reduce to square inches 


12. 8s¢. ft. 13. 104 sq. ft. 
14. 7 sq. yds. 15. 15 sq. ft. 40 sq. in. 
16. 2sq. yds. 7 sq. ft. 17, 3sq. yds. 7 sq. ft. 104 sq. in. 


Write down in square centimetres the equivalents of 
18. 14sq. decimetres. 19, 14sq. metres. 20, 14 sq. m. 14 sq. dm, 
21. 5sq.m.16sq.dm.17sq.cm. 22, 5 sq. m. 6 sq. dm. 7 sq. cm, 


42 ARITHMETIC. [CHAE 


Reduce 
23. 1100 square feet to sq. yds. and sq. ft. 
24. 1248 square inches to sq. ft. and sq. in. 
25. 726084 square inches to sq. yds., sq. ft., sq. in. 


Write down in compound quantities 
26. 5648 sq. cm. 27. 564800 sq. cm. 28. 560408 sq. em. 


Add together 


sq. yds. sq.ft. sq.in. sq.m. sg.dm. sq. cm, 
GON fe eg: gn AO So aa ee 
18 Sean i iM. 36. ae 
21 8 72 +, BO 2. oees 
32 4 130 Lo. Dee 


ol. How many square metres are there in (i) a square decametre 
(ii) a square hectometre? (iii) a square kilometre ? 


32. What is the total area of 12 plots of ground each containing 
(i) 80 sq. yds. 7 sq. ft., (ii) 80 sq. m. 7 sq. dm.? 


33, How many times is (i) 5 sq. yds. 8 sq. ft. contained in 70 sq. yds 
6 sq. ft.? 
(ii) 7 sq. m. 18 sq. dm. contained in 86 sq. m. 16 sq. dm. ? 


34, A garden contains 16 flower beds, a lawn, and gravel paths 
The whole area of the garden is 1300 sq. yds; the area of each bed i: 
50 sq. yds. 5 sq. ft., and the paths take up 241 sq. yds. I sq. ft. What 
is the area of the lawn? 

Find the areas of the following rectangular spaces : 

35. Length 30 ft., breadth 25 ft. [Ans. in sq. yds., sq. ft.] 

36. Length 22 in., breadth 18 in. [Ans. in sq. ft., sq. in.] 

37. Length 22 dm., breadth 18 dm. [Ans. in sq. m., sq. dm.] 

38, Length 50 m., breadth 28 dm. [Ans. in sq. m.] 

. If the length of a card-board is 19 inches and its breadth 
15 inches, by how much does its area fall short of 2 square feet ? 


40. The floor of a room has an area of 600 sq. ft., and its length is 
30 ft.; what is its breadth ? 


' 34. Land Measure. In the British standard land is measured 
in acres, roods, and square poles. 


40 sq. poles=1 rood, 
4roods =1 acre. 
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We have seen that a lizear pole=5% yards ; hence 1 square pole 
is the area of a square on a side of 55 yards. 3 


Thus 1 sq. pole contains (54), namely 304, square yards. 
From these data the student should prove that 

(i) 4 acre=4840 sq. yds.; (ii) 1 square mile=640 acres. 
Nort. There is no linear unit corresponding either to a rood or an 


acre of surface. 


It should however be observed that an acre is nearly equal to the area 
of a square on a side of 70 yards : 
for 1 acre=4840 square yards ; 
the square on 70 yards=4900 square yards. 


35. Again we have seen on page 30 that 1 chain=22 yards. 
1 square chain=(22)’, or 484, square yards. 


. Now 1 acre ae 4840 square yards. 
1 acre = 10 square chains. 
Similarly, since 1 chain’ = 100 links. 
-. 1 square chain=(100)?, or 10,000, square links. 
Hence 1 acre = 100,000 square links. 


36. The metric unit of area for land measure is the square 
decametre, called an Are. 


1 Are (A.)=10?, or 100, square metres. 
1 hectare (Ha.)=100 ares= 10,000 square metres. 


Note. 1 sq. metre= 1550 sq. inches (nearly). 
l hectare = 24 acres (nearly). 


Further information as to metric land measure with examples for 
practice will be given in Chapter vu. 


EXAMPLES II. k. (Continued.) 
41, Give calculations to shew that 
(i) 1 acre=4840 sq. yds. ; (ii) 1 sq. mile =640 acres. 


42, About how many square poles should you think there are in 
the area of your school-room floor? Give a reason for your estimate. 


43, Try to estimate in acres the area of any play-ground, field, 
garden, or quadrangle that may be well known to you (remembering 
that 1 acre is nearly equal to a square on a side of 70 yards). 
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_ 


44, Find the area in acres of the following rectangular fields : 
(i) Length 110 yards, breadth 44 yards. 
(ii) Length 121 yards, breadth 120 yards. 
(iii) Length 220 yards, breadth 99 yards. 
(iv) Length 12 chains, breadth 5 chains. 


45, Reduce (i) 5 acres 2 roods to sq. yds. 
(ii) 3 Ha. 74 A. to sq. metres. 


Add together the following quantities : 


. 


ac. Eee De Square links, Ha: AS 

46, 2. 36 47. 14,350 | Gist uae 
dd ego CANO 32,600 4. 65 

224 . 3. 32 40,250 22: ..8 
Bene 12,800 19 


49. Find the total area of 100 allotments 
(i) of 8ac. 2r. 10 p. each; (ii) of 3 Ha. 14 A. each. 


50. How many allotments each of 6 ac. 0 r. 25 p. may be made from 
an estate of 215 ac. 1 r. 35 p.? 


£57 Tables of Cubic Measure. , 


FiGiedli: sa Fig. 2. 


The solid figures represented above are known as rectangular 
blocks. If, as in Fig. 1, the length, breadth, and height are all 
equal, the figure is called a cube. If, as in Fig. 2, the length, 
breadth, and height are not all equal, the figure is called a cuboid. 

A cubic inch is the amount of space enclosed within the faces of 
a cube of which each edge is 1 inch. 


The terms cubic yard, cubic foot, cubic metre, cubic centimetre are 
to be understood in the same sense. 
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38. The volume of any solid figure is the amount of space 
enclosed within its bounding faces. This is measured by the 


number of cubic inches, or cubic centimetres (or other units of 
cubic measure) it contains. 


39. To find the volume of a rectangular block, having given its 
length, breadth, and height. 


— 


Consider the rectangular block whose length AB is 5 inches, 
breadth AC 4 inches, height AD 3 inches. 


Fig. 1: shews that the solid may be divided into 3 equal sdzces, 
each 1 inch thick. 


And each slice may be subdivided (as in Fig. 2) into cubical 
blocks whose edges are 1 inch, that is, into cubic inches. 

Now the number of cubic inches in each slice is 5x 4; so that 
the number of cubic inches in the whole solid is 5 x 4x 3, or 60. 


Similarly if the length=/ linear units, the breadth=6 linear 
units, and the height =A linear units, 


| 


i i 


tl aot Li 
| 


Fic. 1. Fie. 2. 


| then the volume=(l x b xh) units of ewbic measure. 
This we may abridge by saying 
volume of rectangular solid =length x breadth x height. 


EXAMPLES. 


(i) If a rectangular block of wood is 8 inches long, by 4 inches wide, 
and 3 inches thick, the amount of wood in it is given by 


volume =8 x 4x 3, or 96, cubic inches. 


. (ii) If the internal dimensions of a tank are as follows: length 6 feet, 
breadth 5 feet, depth 4 feet, the amount of water it can contain is 
given by 

volume=6 x 5x 4, or 120, cubic feet. 


(111) If a room is 7 metres long, by 5 metres wide, and 4 metres high, 
the air-space within it is ala by 


volume=7 x 5x 4, or 140, cubic metres. 


46 ARITHMETIC. [ouar. 
40. We can now shew how a Table of Cubic Measure is 
derived from the corresponding Table of Linear Measure. 


The fig. ABCDE represents a cube of 
which each side is 1 yard. That is, ABCDE 
represents 1 cubie yard. 


The diagram shews that the whole cube 
may be divided into 3 horizontal slices, 
each 1 foot thick; and each slice may 
be subdivided into cubical blocks whose 
edges are 1 foot, that is, into cubic feet. 


“. the whole cube contains 3 x 3 x 3, or 27, cubic feet.* 

Hence from 

1 yd.=3 ft., we derive 1 cubic yd. =33, or 27, cubic ft. 
Similarly from 

1 ft. =12 in., we derive 1 cubic ft. =123, or 1728, cubic in. 

1 ms =10 ding 1 cubic m. = 10%, or 1000, cubic m. 

and so on. 
Nortes. 


The following equivalents connecting cubic measures with measures 
of capacity and weight should be noted. 


In the British system : 


(i) 1 cubic inch of distilled water (under average conditions of 
temperature and pressure) weighs about 2524 grains. 


Now 1 gallon contains 10 Ibs. of pure water ; hence it may be shewn 
that 


(ii) 1 gallon is nearly equivalent to 2774 cubic inches. 


(111) 1 cubic foot of water weighs 9963 ounces, nearly, 
(or 1000 ounces, roughly). 
In the Metric System : 


(1) 1 cubic centimetre of water weighs 1 gram. 


(ii) 1 litre is equivalent to 1 cubic decimetre, or 1000 cubic centi- 
metres. 


(iii) 1 litre of water weighs 1 kilogram. 


*The continued product of three factors, each equal to a given number, is called 
the cube of that number. Thus 
3x3%x3 is read ‘3 cubed,” and may be written 33. 
10x10x10 4, ‘£10 cubed,” . x Sy OSs 
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EXAMPLES II. 1. 
CoMPOUND Ruues. Cusic MEASURE. 


1. What is meant by a cubic foot? Define the volume of a solid 
figure, and state in what units it may be expressed. 


2. Draw a figure to represent a cube on a side of 1 metre; and 
explain how it may be subdivided into 1000 cubic centimetres. 


3. Find the volume of the following:: 


(i) A block of stone measuring 12 inches in length, 10 inches in 
width, and 5 inches in thickness. 


(ii) The content of a box measuring internally 4 feet long, 3 feet 
broad, and 2 feet deep. 


(iii) The air-space in a room of which the length is 20 feet, the 
breadth 15 feet, and the height 12 feet. 


(iv) A cubical mass of masonry of which each edge measures 5 feet. 


4, How many cubic inches are there in- 
(i) 1 cubic yard ; (ii) 10 cu. ft. 620 cu. in.? 


5, Express six million cubic centimetres in terms of cubic metres. 


6. In cutting a certain trench, 700 cubic yards of earth were 
excavated. What weight of earth was removed, reckoning 21 cubic 
feet to the ton? 


7, (i) Given that 1 litre is equivalent to 1 cubic decimetre, how 
many litres are contained in 1 cubic metre? 


(ii) Given that 1 cubic centimetre of water weighs 1 gram, what is 
the weight of 1 cubic metre of water? 


8. One gallon of water weighs 10 lbs. In 1 ton of water how many 
- gallons are there? 
- fs 


9, A coal truck carries 8 tons, and 42 cubic feet of coal go to the 
ton. How many trucks could be filled after cutting out 112 cubic 
yards of coal ? 


10. How many cubic inches of deal are there per foot in planking 
10 inches wide and 3 inches thick ? 


cae A piece of squared timber is 7 yards long, and 1 foot both in 
width and thickness. How many cubic feet does it contain? And 


what is its weight (in cwt.) at the rate of 64 lbs. per cubic foot? 


12. A tank is 5 feet long, 4 feet wide, and 3 feet deep; and I 
estimate that it can contain 14 tons of water. Supposing that 1 cubic 
foot of water weighs 1000 ounces, by how many pounds do I over- 
estimate the weight of water ? 


CHAPTER III. 


USE OF SIGNS AND SYMBOLS. 
NEGATIVE QUANTITIES. EQUATIONS. 


41. Iv is often convenient in Arithmetic to represent numbers’ 
by letters, for by this means we may express Arithmetical laws in 
such a way as to shew that they are general, that is to say, true for 
all numbers whatever ; while if figures only were used, our conclu- 
sions might be true only for the special numbers so expressed. 


For example, 5x 7=7x5 merely states that 5 multiplied by 7 gives 
the same result as 7 multiplied by 5. But if we allow a and b to stand 
for any numbers whatever, then axb=bxa states the same principle 
quite generally, that is, not for 5 and 7 only, but for any and every 
pair of numbers. 


42. Any collection of numbers (or of letters standing: for 
numbers) connected by the signs +, -, x, +, is called an 
expression. 


Thus 14+2-3, a+b-—c, 454+4x3- 6+2, are expressions. 

Parts of an expression separated by the signs + or — are 
called terms. 

43. When two or more numbers are multiplied together to 
form a product, each is called a factor of the product. 

Thus 2, 5, 7 are factors of 2x5x7, or 70; and a, b, c are factors of 
the product ax bx. 


44. When J/etters stand for numbers the sign of multiplication 
between factors is often omitted. 


For instance, axb, or bxa, may be written ab. 
axbxc, or cxbxa, ‘ > abe. 
Similarly Te FOL: G73 se aN Ta. 


Nott. The omission of the sign x cannot be allowed if all the 
factors are expressed by figures. For instance, 75 already means 
seventy-five, and must not therefore stand for 7x5. In such cases the 
sign x is often replaced by a dot. Thus 2x5x7 may be written 
2s OK ee 
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Exampies. If a=3, b=5, and c=8, 
then ab=3x5=15; and abe=3x 5x 8=120; 
9b=9 x 5=45; lic=1TLxS=85 > 
Tbc=7 x 5x 8=280; 12Qabe=12x3x5x8=1440; 
7a+4b=7x344x5=214+20=41 ; 
4c+ 9b — 13a=32+4 45 - 39=38. 


45. The product obtained by multiplying together several 


factors all equal to the same number is called a power of that. 
number. 


Thus 4x4 is called the second power of 4, 
(Ba SA re third power of 6, 
Ce las atta vs sickle 80 fourth power of a, 
and so on. 


For the sake of brevity the following notation is used : 
4x4=42; 6x6x6=63; axaxaxa=a!'; 


and the small figure which indicates the number of equal factors 
is called the index of the power. 


Thus in 2°, 4°, x® the indices are 3, 5, and 6 respectively. 
46. The second and third powers of a number are known as 
its square and cube respectively. 
Thus the square of 8, or 8°=8x8 =64; 
the cube of 7, or 72?=7 x 7 x 7=343. 
Exampues. If a=5, b=9, and c=4, 
then TW=7xaxaxa=7x5x 5x 5=875; © 
8bce2=8xbxexc =8x9x4x4=1152; 
3a? + 2624+ 2 =3x5x5+2x9x9+4x4x4 
o T5 + 162 + 64= 301. 


47. In such expressions as 5x, 7a’, 8be?, the numerical multi- 
pliers 5, 7, 8 are called the coefficients of , a’, and bc? respectively. 


48. Division is often expressed by writing the divisor wader or 
after the dividend with a line between them. 


Thus 20+4 may be written = or 20/4 ; 
PU icc bedsasecooscd * or alb 
b 
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EXAMPLES III. a. 
(Most of the following examples may be taken orally.) 


1. Explain the difference in meaning between 3a and a’, when 
a@ stands for any number. 


2. If x and y represent two numbers, how would you express 
eleven times x, y multiplied by thirteen, the product of x and es x, 
andyxyxyxy? 


3. Ifa, >, andc stand for numbers, explain in words the meaning of 
4a+3b, 12ab, 703, 90%, O 
Find the value of 


A 4.5.6. Do": 62-4? 4S, df Pie gis Sak 
8. 14+34+37+3°. 9, 2.3943. 22-8. 32 
If a=5, b=6, c=1, w=2, y=3, find the value of 
LO 107, Lite ye 12. xa. 13, 70. 
14, 4xy. AD? oe 16. bx. Li; oo 
18. acy. 19, 4a?y. 20. 9e%a. 21, lez, 


22. If x denotes a certain number, how would you express (i) the 
number next above x, (ii) the next above that, (iii) the number that 
is greater than x by 5? 


How would you express (i) the number next below zx, (ii) the next 
below that, (iii) the number less than x by 5? 


23. I possess £40. How many pounds shall I have left (ay: at. 5 
spend £15, (ii) if I spend £a, (iii) if I first spend £15 and then 
spend £a? 

24, How many shillings have I left if out of £1 I spend (i) 5 shillings, 
(ii) 11 shillings, (iii) y shillings ? 


2). A boy is 'i3 years old. How old will he be (i) in 5 years, 
(ii) in 9 years, (iii) in & years? How old was he (i) 5 years ago, 
(ii) 9 years ago, (iii) k years ago? 


26. What is the cost of 15 books (i) at 2s. each, (ii) at 5 shillings 
each, (iii) at x shillings each? 


27. I want to give 5 apples to each of m children; how many 
apples are required? How many apples would be required if T 
wanted to give m apples to each of 5 children? 


28. How would you express (i) the number of shillings in £a, 
(ii) the number of pence in p shillings, (iii) the number of ewt. in 
z tons? 
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99, How many pounds are there (i). in 100 shillings, (ii) in x shillings? 
How many shillings are there (i) in 72 pence, (ii) in y pence? 


If m=4, n=1, p=5, q=8, find the value of 


30. 3m?n. 334 iy ae 32. 7pm. 33. 3mnpq. 
er. 95 7 tele Ig ee 
ae a Be =a Cd “mn 


38, A man is p years old: how old will he be in q years’ time? 
How.-old was he q years ago? 


39. Out of 3 shillings I spend z pence; how many pence have I left? 
How many pence should I have left if instead of 3 shillings I had 
x shillings to start with? 


40, A man walks 4 miles an hour: how far will he walk at the sone 
rate in 3 hours? How far in y hours? 


41, A book-seller buys 13 copies of a book for 39 shillings: how 
much does he pay for each? What would he pay for each copy (i) if 
he bought x for 39 shillings, (ii) if he bought x copies for y shillings? 


42. How much do I pay per mile, if I travel (i) 9 miles for 36 pence, 
(ii) 11 miles for 55 pence, (iii) m miles for n pence? 


43, How many square inches are there in a sheet of paper (i) 12 
inches long by 8 inches wide, (ii) 12 inches long by y inches wide, 
(iii) « inches long by y inches wide? 


44, There are a boys and b girls. To each boy I give 5 shillings, to 
each girl I give 4 shillings. How many shillings do I give in all? 


45. If a man earns 30 shillings a week, and a boy 10 shillings, at 
this rate what are the weekly earnings (i) of 3 men and 5 boys, (ii) of 
a2 men and y boys? 


46. If tea costs 2s, 6d. a pound and coffee 1s. 6d. a pound, how 
- many pence must be paid for x lbs. of tea and y lbs. of coffee ? 


47, Suppose a day’s work consists of five lessons, and a boy’s mark 
for each of them is 0; what is his score for the day? What is the 
value (i) of 0x3, (ii) of 0x7, (ili) of 9x0, (iv) of 0xa million? 


If x=3, y=5, z=0; p=1, q=7, r=9, find the value of 


48, . 11z. 49, qi. 50. 4ay+5z. 51. Tzy+ qe. 
52. 4a+2p4r xy. Mea eh TTT AI oa, 
54, 5xq-y H22- B.A N.M 5, 1 93 ue A, 2 LIBRARY ) 


56. 100p+10q+r. 87 1006-3487 + p. 
P 4r q’ 
58. 3y+y’- , ~ 59. —+5zq%p - 
ahd yAccession No crow, es ng 46: Marte 
/ sy ; : 


UD Co Now ee LZ 


ROOD edo adarp sere osesesee 


Date; mele. 2 sept tia 


52 ARITHMETIC. [CHAP. 


60. What powers of 2 are 8 and 32? What powers of 3 are 9 and 
81? Express 25 and 625 as powers of 5. 


61. ‘‘ Hvery power of 118 1.” What does this mean? Shew why it 
is true. 


62. Prove that 4°x4?=4°, And in the same way shew that 
a’ x a*=a>, where a stands for any whole number. 


63. Simplify 


(i) 22x2x2. (ii) 8?x 3x 38% (iii) a x a? xa. 


49. Quantities which are preceded by the sign + are said to be 
positive ; those to which the sign — is prefixed are said to be 
negative. When no sign is prefixed the + sign is to be under- 
stood. ‘These signs are frequently used to denote a quality possessed 
by the quantities to which they are attached, as explained in the 
following illustrations : 


(i) Suppose a trader gains £100 and then loses £70, the result 
of his trading is a gain of £30, that is +£100-£70=+£30; and 
the + £30 denotes that he is £30 better off than when he began. 


If, however, he had first gained £70 and then lost £100, the 
result of his trading would be a loss of £30, that is, +£70— £100 
= — £30, and the —£30 denotes that he is £30 worse off than 
when he began, or that he now has a debt of £30. 


Thus we see that the — £30 denotes a quantity equal in magnitude, 
but opposite in character to the + £30. 

Again if the trader had first gained £70 and then lost £70, the 
loss would exactly balance the gain, that is +£70—£70=<£0. 
Thus he would be in the same position as when he began. 


(ii) Again, suppose a man to walk 5 miles due East and then to 
walk back 3 miles due West, his position relative to the starting 
point would be +5 miles—3 miles, or +2 miles, the +2 miles 
denoting the distance he was due East of his starting point. 


If he had walked 3 miles due East and then back 5 miles 
due West, his position relative to the starting point would be 
+3 miles —5 miles, or —2 miles, the -2 miles denoting the distance 
he was due West of his starting point. 


Thus we see that —2 miles denotes a distance equal in magnitude, 
but opposite in direction to that denoted by 2 miles, 


In general, if we represent positive quantities by a series of steps 
taken in one direction, we may represent negative quantities by a 
series of steps taken in the opposite direction. 
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This may be illustrated graphically as follows : 


Ww Cs eae) Aas E 


Let O be the starting point and let the line WOE be marked in 
centimetres, each centimetre representing 1 mile. Also let the 
direction OE (from left to right) be considered as due East, and 
OW (from right to left) as due West. 


Then 5 miles Eastwards followed by 3 miles Westwards will be 
_ represented by motion from O to E followed by motion in the 
opposite direction from E to A. 


Thus OA=OE —-EA= +5 cm.—3 cm.= +2 cm. 


which represents +2 miles. 


Again, 3 miles Eastwards followed by 5 miles Westwards will be 
represented by motion from O to B followed by motion in the 
opposite direction from B to C. : 


Thus § OC=OB—BC=+83 cm.—5 cm.= —2 cm. 


which represents —2 miles. 


(iii) On a Centigrade thermometer 15°C. means 15° above the 
freezing point, and —15°C. denotes 15° belew the freezing point. 


From the above examples it will be understood that +5, for 
example, will denote a quantity greater than 0 by 5 units, whereas 
—5 will denote a quantity that is dess than 0 by 5 units, the two 
quantities being of the same absolute value but of opposite character. 


50. The value of an expression is the same in whatever order 
_ the terms are taken. 


Thus, for example, —-£4+£9+ £5 —-£3-— £2 may be regarded as 
a combination of two gains and three losses, and the final result is 
the same in whatever order the losses and gains occur. 


More generally, if we use letters to represent numbers, expres- 
sions, such as a—b—ec, —b+a—c, —b—c+a, might be used for a 
gain, represented by a, together with losses represented by 6 and c. 


Or the same expression might be used to denote a steps in one 
direction together with b steps and c¢ steps in the opposite direc- 
tion. In each case the result is the same in whatever order the 

terms are considered. 


The following Examples will serve to illustrate the principles 
here explained. 
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EXAMPLES III. b. 


1. A trader gains £20, loses £42, and then gains £10; a second 
trader loses £35, gains £50, and then loses £12. In each case write 
down the result of the three transactions. 


2. A merchant has a gain represented by £a, losses represented by 
£b and £c, and then a gain represented by £d. Express in symbols 
the final result of his trading. 


3. Aman walks 7 miles due South, then 8 miles due North, and 
finally 4 miles due South. What is his final position relatively to the 
starting point? Illustrate by a diagram on the scale of Art. 49, - 
giving his distance in centimetres measured from O, the starting point. 


4, Two cricket counties play 16 matches ; one wins 10 and loses 6, 
and the other wins 7 and loses 9. Express the two results, allowing a 
gain of one point for a win and a loss of one point for a defeat. 


5, In the night a Centigrade thermometer falls to —8°, and in the 
day-time it rises to 12°. How many degrees are there between the 
readings ? * 

6. A Centigrade thermometer rises to 9° in the day-time and falls 
15° during the night ; what is the night reading? 


7. Two men each fire 20 shots at a mark and agree to register 
_4 points for every hit and to deduct 3 points for every miss. One hits 
the mark 12 times, the other 8 times. Express their separate scores 
by means of the proper signs. 

8. A man who can row 5 miles an hour in still water rows for one 
hour against a stream flowing at the rate of 2 miles an hour. He then 
turns, and, using the same force, rows with the stream for one hour. 
Illustrate by a diagram, and express his final distance from his starting 
point with the proper sign. 

9. A has £a, and B has £b. A owes £x to B, and B owes Ly 
to A. How many pounds will each man have when their debts are 
paid ? 


The Use of Brackets. 


51. Brackets () are used to indicate that the terms enclosed 
within them are to be considered as one quantity. 

The expression 8+(13+5) means that 13 and 5 are to be added 
and their sum added to 8. It is clear that 13 and 5 may be added 
to 8 separately or together without altering the result. 

Thus 8+(13+5)=84134+5=26. 

Similarly, if the letters a, b, ¢ are used to represent any numbers, 
a+(b+c) means that the sum of } and ¢ is to be added to a; and 
since 6 and ¢ may be added separately or together, it follows that 


a+(b+c)=at+b-+te. 
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Again, 8+(13—5) means that to 8 we are to add the excess of 
13 over 5; now if we add 13 to 8 we have added too much by 5, 
and must therefore take 5 from the result. 


Thus _ 8+(13-5)=8+18—-5=16. 

Similarly a+(b—c) means that to a we are to add 6, diminished 
by c. If therefore we add } we must afterwards subtract c. 

Thus a+(b-—c)=a+b-e. 


These results shew that when an expression within brackets ws 


preceded by the sign +, the brackets may be removed without making 
any change in the eapression. 


Conversely, any part of an expression may be enclosed within 
brackets and the sign + prefiaed, the sign of every term within the 
brackets remaining unaltered. 


Thus 9-74+8-5=9-74+(8-5) 
and a—b+c—d=a-—b+(e-d). 


52. The expression 9—(3+2) means that from 9 we are to 
subtract the sum of 3 and 2. To take the sum of 3 and 2 from 9 
gives the same result as to subtract them separately from 9. 


Thus §-=(3 9) 9 = tam 
Similarly a—(b+c)=a—b-e. 
Again, 9—(3—2) means that from 9 we are to subtract the excess 


of 3 over 2. If we subtract 3 we shall have taken away too much 
by 2, and must therefore add 2 to obtain the correct result. 


Thus 9—(3—-2)=9-—3+4+2. 
Similarly a—(b—c)=a-—b+e. 
These results shew that when an expression within brackets 7s 
“preceded by the sign —, the brackets may be removed uf the sign of 


every term within the brackets is changed. 


Conversely, any part of an expression may be enclosed within 
brackets and the sign — prefixed, provided the sign of every term 
within the brackets 1s changed. 


Thus 9—-7—-348—-5=94+8-—7-3-5=94+8-(74+3+5), 


and the expression «—b+c+d—e may be written in any of the 
following ways : 
a—(+b-—c-d+e), 
a—b—(—c-—d+e), 
Ss a—b+c—(-—d+e). 
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53. Sometimes a line called a vinculum is drawn over numbers 
or symbols which are to be taken together. 


Thus a—(b+c) and a—b+ce are used with the same meaning. 


54. Suppose 4 owes £5 to B. Then A’s debt is represented by 
—£5. Next suppose that B forgives this debt, that is to say, takes 
tt away or subtracts it. This act is represented by —(debt of £5) 
or —(— £5), and is evidently equivalent to giving £5 to A, for now 
A is £5 better off than before. 


Thus —(-—5)= +5. 


Similarly we conclude that —(—a@) is equivalent to +a. 


55. When all the terms of an expression taken as a whole are 
to be multiplied or divided by a given number, the expression 
is enclosed in brackets. 


Thus the expression (9+5)x6, which may also be written 
6(9+5), means that the swm of 9 and 5, namely 14, is to be multi- 
plied by 6, giving the result 84. 


Now we have seen in Art. 18 (i11) that the same value is obtained 
by multiplying the two terms 9 and 5 separately by 6, and adding 
the results. 


Thus 6(9+5)=544 30=84. 

Or, generally, m(a+b)=am+bm. 

In the same way 6(9-5)=6x4 =24, 
and 6(9 —5)=54-—30=24. 

Or, generally, m(a—b)=am— bmn. 


Conversely, just as 11 tens+8 tens=19 tens, 
Sie) llx+8xr=1927. 
Similarly 15y — 3y=12y, 
and l5y — 3y+ 2y=14y. 


56. When the terms of an expression differ only in their co- 
efficients they can always be combined as in the last article. The 
process is known as collecting coefficients. 

Such expressions as 7a+3b—c, 5ab—2cd, where the letters (or 


combinations of letters) are different in different terms, cannot be 
simplified unless we know the numerical values of the letters. 
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57. To prove that (i) (a+b)(e+d)=ac+ be+ad + bd ; 
(ii) (a+b)? =a? + 2ab + 6? ; 
(iii) (a+b)(a-6)=a? - 0°. 
(i) We have seen that m(e+d)=cem+dm. (Art. 55.) 
Write a+6 in the place of m, then 
(a+b)(c+d)=c(a+b)+d(a+d) 
=ac+be+ad-+ bd. 


This may also be shewn graphically. In the following diagram 
we have a rectangle whose adjacent sides are a+b and e+d units 
respectively. 


The whole area =(a+b)(c+d) square 
units, and it is made up of four Cc ac be le 
smaller rectangles whose areas are 
ac, be, ad, bd, square units respec- 


a } 
Thus (a+b)(c+d)=ac+be+ad+ bd. 
Similarly (a+b)(ce- d)=ac+ be —ad — bd. 
a b 
(ii) (a+bYe=(a+b)(a+b) ny a 
=a?+ab+ab+b* 
= 0+ 2ab + b*. 
(Cate 
Similarly (a—b)? =a? —2ab+b*. 
(iii) (a+b)(a—b)=a?+ab— ab —- =a? — 
Exampies. (i) 103 x97 =(100+3) (100-3) = 100? — 3? 
= 10000 - 9=9991. 


(ii) 3392 — 319? = (339 + 319) (339 — 319) 
= 658 x 20= 13160. 


58. In such expressions as (9+6-—5)+2, the brackets shew 
that the group of terms 9+6—5, taken as a whole, namely 10, is 
to be divided by 2, giving the result 5. 


nm 


The expression (9+6—5)+2 may also be written fa, 


-which form the line acts as a vinculum to shew that the terms 
94+6—5 are to be taken as a whole. 
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EXAMPLE. Distinguish between 
(i) 183-5x2 and (18 -5) x2; 
(ii) (16-—44+9)+3 and 16-4+9+3; 
(iii) (24 — 12) + (6-3) and 24-12+6-3. 
(i) 13-5 x2 means that the product 5x2 has to be subtracted from 
13; thus the result is 13-10, or 3. 


(13-5) x2 means that 13-5, taken as a whole, has to be multiplied 
by 2; thus the result is 8 x 2, or 16. 


(ii) (16-4+9)+3 means that 16-4+9, taken as a whole, has to be 
divided by 3; thus the result is 21 +3, or 7. 


16-44+9+3 means 12+ 3; thus the result is 12+3, or 15. 


(iii) (24-12)+(6—3) means that the difference between 24 and 12 
has to be divided by the difference between 6 and 3; thus the result is 
12+3, or 4. ‘ 

24 —-12+6-3 means 24-12 -3; thus the result is 24 -2—3, or 19. 

From these cases it appears that in an expression which involves the 
signs +, —, xX, +, the order of the operations is important. 


Operations within brackets must be performed first ; when no brackets 
are used, all operations of multiplication and division must be performed 
before those of addition and subtraction. 


EXAMPLES III. c. 


In Examples 1-12 read off the expressions when the brackets have 
been removed. 


1, 84+(5-3). 2, 10-(5+4+3). 3. (9-2)+4+7. 
Aree (8.3). 5 ente 2): 6.; ls 282) 
7 a+(b—c). 8. a—(b+c). 9, (a-b)-+e. 
10, .a—(b-c). 11. b+(c+a). 12. (a—b)-—(c-d) 
Simplify 
13; 15 —3 x 2) (ib Sale 14, (18-6) 3318S 62 
15, 154+4x3+6. 16, (15+4) x (346). 
17. 328-4? 18, (82—8)+(4+2). 

12 12 
19, 45+3x5-=- 20, 45-(3+5)+> 
Q1, (27-5) -2(16 -10). 92; (27-16) =e 


Simphity:, by removing brackets and collecting coefficients, 
93. Ta+3h— 4c. 24. 10b-3b+8b. 25, 10x —(8x-3z2). 
26. 14m—m\6+2). 27. (15-3) y — by. 28. (12-7)x-(4-3)a. 
N 
\ 


¥ 
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59. Illustrations leading up to Equations. The value of an 
unknown number can be found if we are told how it is connected 
with one or more known numbers. For instance 


(i) A certain number when added to 5 gives 11 as the sum. Here 
the number in question is evidently 6. 


(ii) If a certain number is taken from 20, the remainder is 18. 
Here the number is clearly 7. 


(iii) A certain number multiplied by 8 gies 32 as the product. 
We see at once that the number is 4. 


(iv) A certain number divided by 9 gives 5 as the quotient. Here 
the required number is evidently 45. 


EXAMPLES III. d. (Orai.) 
1. What number when added to 8 gives 20 as the sum ? 


9. What number must be taken from 16 to make the remainder 7? 


3. If from a certain number 11 is taken, the remainder is 24, 
What must the number be? 


4. Two numbers added together make a sum of 27. One is 18; 
what is the other ? 


5. The difference between two numbers is 14, and the greater is 
30; what is the less? 


6. What number when multiplied by 7 gives 56? 


7. The product of two numbers is 84. One of them is 12; what 
is the other ? ; 


8. Three numbers multiplied together give 72. Two of them are 
known to be 9 and 4; what is the third? 


9, What number divided by 11 gives 12 as the quotient? 


10. In a division sum the dividend is 96, the quotient 8, and there 
_is no remainder. What is the divisor ? 


Tf x denotes an unknown number, state its value when 


lle ¢+7=138. is e= 21. 

13... «-4=11. 14, 19-xw=12. 

1. 18 =2x+ 9. bG tt] e— 7. 

Lima oY. 18, . “x 5=20; 19, 4x*2=28: 
Give the value of y when 

20. y+3=4+7. Fi. 28-y=17. 22. y-3=10-3. 
93, Ty =35. 94. 48 =8y. 95. lly=44. 
26, y+4=7. 27. S=yt5. 2. 3 8=4=6. 
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60. Equations. An equation is a statement that two alge- 
braical expressions are equal. 
Thus Gi) #w+1=5, 
(ii) 8%7+2=14-4 
are equations. 


The parts of an equation separated by the sign of equality are 
called sides of the equation, and are distinguished as the right sede 
and the deft sede. 


It will be found on trial that there is only one numerical value 
of « which makes each of the equations (i) and (ii) a true arith- 
metical statement. 


Thus e+1=5 is only true when v=4, 
and d7+2=14-~ is only true when v=3. 
These values are said to satisfy the equations. 


The object of the present section is to shew how to fea the 
values which satisfy equations of the simpler kinds. 


61. The symbol whose value it is required to find in any 
equation is called the unknown quantity. The process of finding 
its value is called solving the equation. The value so found is 
called the root of the equation. 


62. In the solution of the equations with which we are con- 
cerned the process depends only on the following axioms. 

1. If to equals we add equals the sums are equal. 

2. If from equals we take equals the remainders are equal. 

3. If equals are multiplied by equals the products are equal. 

4. If equals are divided by equals the quotients are equal. 


EXAMPLE 1. Solve the equation 7x =14. 
Dividing both sides by 7 (Axiom 4), we get 


Bs 
EXAMPLE 2. Solve the equation 5=5. 
Multiplying both sides by 2 (Axiom 8), we get 
ea 


EXAMPLE 3. Solve the equation 7x —-2x=114+2-3. 
First collect the terms on each side; thus 
§x= 10; 
Dividing by 5 (Axiom 4), we evs 
—? 
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EXAMPLE 4. Solve the equation 3(” —2)-2=x4+12. 


Removing the brackets, we have 


rte 2 Ee ae MER iin gs vie Tess (i) 
Subtracting x from each side, we get 
3x — x -8=12, 
Adding 8 to each side, we have 
5 A aad dere AMES hh 8 sie ae ee (11) 
: 20 =20 ; 
dividing by 2, w= 10. 


Nots. By carefully examining the lines marked (i) and (ii) it will 


be seen that any term may be removed from one side and transferred to 
the other by merely changing its sign. 


63. Beginners should verify, that is, prove the correctness of 
- their solutions by substituting, in both sides, the value obtained 
for the unknown quantity. 


In the last equation 3 (a —2) -2=x%+4+ 12, 


if . Ley 
the left side=3 x 8 -2=22, 
and the right side =10 + 12= 22, 


Since these two results are equal the solution is correct. 


64. From the above examples it will be seen that the object in 
each case is to reduce the equation, by means of the axioms, until 
it consists of a single term containing the unknown quantity on one 
side, and a single known term on the other. The root is then found 
by dividing each side by the coefficient of the unknown quantity. 


EXAMPLES III. e. 
(Haamples 1-17 may be taken orally.) 


Find the values which satisfy the following equations : 


1. -3x=12. 2, 4xr=16. 3. 6x2=18. ape (213 
5, 6=2a. fe Lie=so. 7. 9”%=54. S$. 62=132. 
© ok es a ea VC 
9, 55. 10. 5 4, Le 4 = 20. 12, .- 16. 
13. 2«+2x~=10-7. 14, 32+57=28 -4. 


15. 8u- 4”7=24. 16. 3x-z=10. 17. 17x-4a=26. 
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Find the values which satisfy the following equations : 


18. 7e-4=17. 19, 3”-5=10. 2), 22+15=23. 
1. 4x -3=327+4. 29. 8x-9=39 -4a. 93. 5”2+3=15—z2. 
O, 32+4—5(x—-2). 95. In+3=16 -(2x—3). 

96. 2(a+7)=30-(x-2). 97, 15a —-1=17+3(6-72). 

98. 48-a=7(18 -2z). 29, 23(3a-6)=3(5a+8). 


65. Simple Applications. We shall now shew how arith- 
metical examples may be solved by the aid of equations. The 
process consists of expressing the verbal statement of the question 
by means of signs and symbols ; an equation is thus formed which 
can be solved by the methods already explained. After the 
first example the solution will be left as an exercise for the pupil. 


Exameue 1. The difference between two numbers is 8; if 1 be added 
to five times the smaller, the result will be twice the greater: jind the 
numbers. 


Let x be used to denote the smaller number ; then «+8 denotes the 
greater. 
Five times the smaller, increased by 1, is denoted by 52+1; 
and twice the greater is denoted by 2(x +8) ; 
hence, by the conditions of the question, 
5a+1=2(x%+8) 
=2r+4+ 16. 
Subtracting 2~+1 from each side, we get 
oss-la) 5 
oD, 
and «+8=18. 
Thus the two numbers are 5 and 13. 
ExAMPLE 2. Divide £47 between A, B, and C, so that A may have 
£10 more than B, and B £8 more than C. 


Let x represent the nwmber of pounds that C has, then B has «+8 
pounds, and A has #+8+10 pounds. 


Hence a+(x+8)+(%+8+10)=47 ; 
whence it will be found that x=7 ; 
so that C has £7, B £15, A £25. 
Notre. The symbol x represents a number, and such loose and 


inexact expressions as ‘‘ Let x equal what C has,” or ‘‘ Let x equal C’s 
money,” must never be used. 
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“ Exampie 3. A sum of £8. 17s. is made up of 124 coins which are 
either florins or shillings: how many are there of each ? 


Let x denote the number of florins, then 124—2=the number of 
shillings. : 
But x florins + (124 -—«) shillings make up £8. 17s. ; 
‘, expressing all in shillings, we have the equation 
20 +124-x=177; 
whence «=53. Thus there were 53 florins and 71 shillings. 


Nott. It is important to express all the quantities in the same 
denomination: shillings are here selected as being the most convenient. 


EXAMPLES III. f. 


1. Find two numbers whose sum is 28, and whose difference is 4. 


2. Divide 45 into two parts so that twice the greater equals three 
times the less. 


3. If double a number is increased by 3, and the result multiplied 
by 4, the product is 52; find the number. 


4, Divide 60 into two parts, so that three times the greater may 
exceed 100 by as much as eight times the less falls short of 200. 


5, Divide £67 between A, B, and C, so that A may have £15 more 
than B, and B £8 more than C. 


6. Divide £66 between A, B, and C, so that B’s share may be 
double of A’s, and C may have £4 less than B. 


7. Ifa sum of £85 is divided between A, B, and C, so that A has 
£10 less than B, and Chas three times as much as A ; find the share 
of each. 


8. Divide £188 between A, B, and C, so that A may have £37 less 
than Bb, and C’s share may be £11 more than twice A’s share. 


9. A purse contains £2. 13s. 6d. in shillings and sixpences. The 
number of coins is 67; how many are there of each kind? 


10. A and B have £12 between them; A receives £1. 5s. from B 
and finds that he has seven times as much money as B: how much had 
each at first ? 


11. A has three times as much money as B; after giving B ten 
shillings he has only twice as much: what had each at first ? 


12.. Two boys together have £1. 10s.; if one had 6s. less and the 
other 9s. more, the former’s money would be one-half that of the latter: 
what has each of them ? 


CHAPTER IV. 


Factors. Prime Numpers. HIGHEST CoMMON FACTOR. 
LowEst CoMMON MULTIPLE. 


66. ONE number is a factor (or measure) of another when it 
divides the other without remainder. 


Thus 3 and 5 are factors of 15; 2, 3, 4, 6 are factors of 12. 


The word measure is going out of use, but it is convenient to 
retain it in connection with concrete quantities. 


Thus a foot, a yard, and a furlong are measures of a mile. So also, 
a shilling, a florin, and a half-crown are measures of a sovereign. 

67. A number which is exactly divisible by another number 
is called a multiple of it. 

Thus 63 is a multiple of 7, and of 9. 

And, if m stands for any whole number, mx is a multiple of «. 


68. All multiples of 2 are called even numbers. 

Thus 2, 4, 6, 8, 10, ... are even numbers. 

Numbers which are not multiples of 2 are called odd. numbers. 

Thus 1, 3, 5, 7, 9, .... are odd numbers. 

And generally, if stands for any whole number, then 2n is the 
symbol for any even number, and 2n + 1 represents any odd number. 

69. A prime number (or a prime) is one which has no factors 
except itself and 1. | 

Thus 2, 3, 5, 7, 11, 18, 17, 19, ... are primes. 

70. A composite number is one which has other factors be- 
sides itself and 1. 

Thus 6, 15, 27 are composite numbers. 

71. Two numbers are said to be prime to each other when 
their only common factor is 1. 


Thus 10 and 13, 15 and 17, 40 and 49 are pairs of numbers prime to 
each other. It is to be noticed that the numbers themselves are not 
necessarily prime numbers. 
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72. It is important to notice the way in which any whole 
number can be expressed in terms of powers of 10. For example, 
4693 = 4 x 1000+6 x 100+9x 1043 
=4x 10°+6 x 10?+9 x 1043. 
Similarly, any number N consisting of four digits a, b, c, d, in 
order from left to right, may be expressed as follows : 
N=ax10?+6x 10?+e¢x 104d. 


‘ Tests of Divisibility. 

73. In the present section the word divisible is to be understood 
as divisible without remainder. 

To find when a number is divisible by 2 or 5. 

Any number which ends with a cipher is a multiple of 10, and 
therefore divisible by 2 and by 5. 

Any number greater than 10, which does not end in a cipher is 
made up of a multiple of 10 together with the number expressed 
by the units’ digit. Hence ¢f this last digit is divisible by 2 or 5 
the whole number is divisible by these factors respectively. 

EXampes. (i) 38416=38410+6=a multiple of 10+6; 

(ii) 38415=38410+5=a multiple of 10+5. 

Thus (i) is a multiple of 2; (ii) is a multiple of 5. 

Nots. All even numbers must end in 2, 4, 6, 8, or 0; 

All odd numbers __,, naka ee b.OF 9. 


74. To find when a number is divisible by 4 or 25. 
Any number ending in two ciphers is a multiple of 100, and 
therefore divisible by 4 and by 25. 


Any number greater than 100 which. does not end with two 
ciphers is made up of a,multiple of 100 together with the number 
formed by the last two digits. Hence 7f this last number is divisible 
by 4 or 25 the whole number is divisible by these factors respectively. 


EXAMPLES. (i) 34736=34700+36=a multiple of 100+36; 
(ii) 84775 = 34700 + 75=a multiple of 100+ 75. 

Thus (i) is divisible by 4; (ii) is divisible by 25. 

75. To find when a number is divisible by 8 or 125. 


Proceeding as before we may shew that a number 7s divisible by 
8 or 125 when the number formed by its last three digits is divisible by 
these factors respectively. 


EXAMPLES, (i) 43136 and 43560 are divisible by 8 ; 
(11) 43625 and 43500 are divisible by 125, 
AR. H.S. E 
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76. To find when a number is divisible by 9 or 3. 

Take any number such as 58476. 

Now 58476 =50000 + 8000 + 400 +70 +6. 

Also 50000=5 x 10000 =5(9999 + 1)=(a mult. of 9)+5, 

g000=8 x 1000= 8(999+1)=(a mult. of 9)+8, 
400=4x 100= 4(99+1)=(a mult. of 9)+4, 
70=7x 10= 7(94+1)=(a mult. of 9)+7, 
6= 6. 
Hence, by addition, 
58476=a multiple of 9+the sum of the digits 6, 7, 4, 8, 5. 

In the same way it may be shewn that any number greater than 
10 is a multiple of 9+the sum of its digits; hence a number ws 
divisible by 9 only when the sum of its digits is so divisible. 

Again since 9 is a multiple of 3, 

any number=a multiple of 3+ the sum of its digits ; 
that is, a number is divisible by 3 when the sum of its digits ws so 
divisible. 

Norns. (i) A number is divisible by 6 when it is even and also 
satisfies the test for divisibility by 3. ; 


(ii) When a number is divided by 9 or 3 the remainder is the same 
as when the sum of the digits is divided by 9 or 3. 


Hence also the remainder on dividing a number by 9 may be obtained 
by ‘casting out the nines” (Art. 72) from the sum of the digits. 


Exameie. Jind the remainders when (i) 8145, (ii) 5807613 are divided 
by 9. 

(i) The sum of the digits=18, which is a multiple of 9, thus the 
number is divisible by 9. 


(ii) Casting out nines from the sum of the digits, as explained in 
Art. 12, we have 
A, 10, 45 8G 


Thus the remainder is 3. 


77. To jfnd when a number is divisible by 11. 


We first note the following results : 


16 Lb="1, 
OO > 99 sed. =(a multiple of 11)+1, 
1000= 990+11-—1=(a multiple of 11)—1, 
10000= 9999+1 =(a multiple of 11)+1, 


100000 = 99990 + 11 — 1=(a multiple of 11)—1 
and so on. 
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Now take any number such as 763425. 
Then 763425 =5 + 20 + 400 + 3000 + 60000 + 700000. 
Also 5= - 7 5, 
20=2 x 10 =(a multiple of 11)-—2, 
400=4x100 =(a multiple of 11)+4, 
3000=3x1000 =(a multiple of 11)—3, 
60000 =6 x 10000 =(a multiple of 11)+6, 
700000 =7 x 100000=(a multiple of 11)— 7. 
Hence, by addition, 
763425 =(a multiple of 11)+5-2+4-34+6-7 
=a multiple of 11+(5+4+6)—-(2+3+7). 


Now 5+4+6=the sum of the digits in the Ist, 3rd, 5th (or odd) 
places, and 2+3+7=the sum of the digits in the 2nd, 4th, 6th (or 
even) places. 


Since the reasoning is quite general we conclude that a nwmber 
is divisible by 11 provided that the difference between the sum of the 
digits in the even places and the sum of the digits in the odd places is 
divisible by 11, or equal to 0. 


78. With the exception of divisibility by 7 (for which there is 
no useful test) we have now tests for divisibility by all numbers 
up to 12. 

They may be summarised as follows : 

A number is divisible by 

2, if it ends in 0, or in a digit which is a multiple of 2; 
3, if the sum of the digits is divisible by 3; 


4, if it ends in 00, or in two digits which form a number divisible 
by 4; 


if it ends in 0 or 5; 


if it is even and also satisfies the test for divisibility by 3; 


PSK 


if it ends in 000, or in three digits which form a number 
divisible by 8 ; 


9, if the sum of the digits is divisible by 9; 
10, if it ends in 0; 


11, if the difference between the sums of the digits in the even 
and odd places is 0 or a multiple of 11 ; 


12, if it is divisible by 4 and by 3. 
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79. By means of Art. 76 we may give the reason for the Test 
of Multiplication by “casting out nines” to which reference was 
made in Art. 12. 


When division is not exact we know that 
dividend = (divisor x quotient) + remainder. 


Let a and 6 denote two numbers which when divided by 9 give 
quotients ¢ and d, and remainders e and f respectively. That is, 
e and f are the remainders after casting out nines from the sums of 
the digits of the two numbers a@ and 0. 


Then a=9c+e, b=9d+f. 
. product of a and b=product of 9c+e and 9d+f 
=(9e+e) x (9d+f) 


=9c . 9d + 9de+ 9ef + ef. 
‘. product of a and b=a multiple of 9+ product of e and /- 


Hence the remainder left after casting out nines from the 
product of the two numbers a and 0 is equal to the remainder left 
after casting out nines from the product of eand f See Art. 12. 


Resolution into Prime Factors. 


80. Suppose it is required to find all the prime numbers less 
than 100. 


We first write down all the numbers in their natural order up 


to 100. 
i 2, 3, x, 5, &, is R, 9, N, 
Ty} WX, 13, N, N, 4, Adis ky, 19, 2Q, 
Al, 22, 23, 4, B&, 26, NK, 28, 29, 3Q, 
and so on. 


Beginning from 2, we strike out every second number, 4, 6, 8, ..., 
thus rejecting multiples of 2. The next prime number is 3; we 
therefore strike out every third number 6, 9, 12, ..., thus rejecting 
multiples of 3. Some of these being also multiples of 2 will have 
been rejected already. 


From 5 we strike out every fifth number (not already struck out) 
and thus reject all multiples of 5. Proceeding in this way we 
eventually reject all multiples of the prime numbers 2, 3, 5, 7, ...- 
Hence when the process is complete the numbers left are prime. 


This method was discovered by Eratosthenes in the third century 
B.c., and is referred to as the Sieve of Eratosthenes. 
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It will be found that the prime numbers less than 100 are 
Pee 7, 11, AS edge etoe 93, 29,,°31, . 37; 
Ae ate 63,59; G1, > 67a nye 279; 83, 89, 97. 


81. A number is said to be resolved into prime factors when it 
is expressed in the form of a product only of prime numbers or 
their powers. 


Thus 700=7x10x10=7x2x5x2x5=7x2?x 5%... 


82. A composite number can often be expressed in factors in 
different ways, but there is only one way of resolution into prime 
factors. 


Thus 144=12x 12=9x 16=4 x 36, 
_ but 3x3x2x2x2x2, or 3? x 24 is the only way of writing it in prime 
factors. 

EXAMPLE 1. Resolve 7020 into prime factors. 


10 | 7020 The number is obviously divisible by 10; the first 
9 | 702 quotient satisfies the test for 9, and the next quotient 
eet that for 4. The quotient 13 is prime. 


Thus the number=10x9x4x13=2x5x 3? x 2?x 13 
=23 x 3?x 5x 138. 


When divisors are not evident the prime numbers should be tried in 
succession. 


EXAMPLE 2. Resolve 9163 into prime factors. 
7 | 9168 Taking the primes in order we find that the tests for 


7 | 1309 2, 3, 5 are not satisfied. We next try 7 as often as 
11] 187 possible, and then 11. The quotient 17 is prime. 
ey 


” the number=7 x7 1117 272 % 11 «x 17. 


EXxamPteE 3. To find whether 467 1s prime or not. 


We find by trial that 467 is not divisible by any of the primes 2, 3, 

5, 7, .:.19, 23. But on dividing by 23 we get a quotient /ess than 23, 

and we need go no further. For if 467 contained a prime factor 

beyond 23, the quotient would be less than 23, and must have been 

-revealed as a factor by the former trials. Hence 467 has no prime 
factor greater or less than 23; that is, it is a prime number. 
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EXAMPLES IV. a. 
Without actual division find which of the following numbers are 
divisible by one or more of the factors 3, 4, 5, 8, 9, 11. 
Lee 20s are ids <S,* 108, 4, 315. 5, 341. 6. 730. 
7, 2211. 8, 1009. 9, 8712. 10, 10967. 11, 36324. 12, 924. 
13. Without division find the remainder when each of the following 


numbers is divided by 9: 
218, 3407, 276381, 4327065, 12345678. 


14, In the following numbers supply the missing digit so as to make 


each a multiple of 9: 
30*4, 573*1, *6708, 836%*57. 


15. In the following numbers supply the missing digit so as to make 

each a multiple of 11: 
148*3, 7*563, 8276*845. 

16. What is the smallest number which must be added to 803642 in 
order to obtain (i) a multipie of 9, (ii) a multiple of 11? 

Separate into prime factors 

17. 46. 18. 84. 19. 132. 20. 1065. 21. 135. 

22. sees 23. 4005. 24, 462. 25. . 980. 26. 1386. 

97, 3150. . 28) 9009. -29, 3332. 30. 5382. 

31. 6120. 32. 7245. 33. 19206. 34, 249984. 

In Examples 35-44 find which of the numbers are prime. Express in 
prime factors those which are not prime. 

aD. 67. 36. 308. ot, Als: 38, 679. 39. 197. 

40. 712. 4], 223. 42. Site 43, 667. 44, 10681. 

45. Write down the numbers (i) 7548 and (ii) 8029 in their complete 
form as the sum of powers of 10 with numerical coefficients. 


46. How would you express the number whose digits, in order from 
left to right, are p, g,and7? Why may not such a number be expressed 
by pqr? 

47. Write down a number whose digits are a, b, c; and state the 
condition that it may be divisible (i) by 2, (ii) by 5. 

48. Express in symbols a number whose digits are a, b, c, d. 

Prove that the number is divisible by 9, if a+b+¢+d is so divisible. 

49, Write down any two numbers whose digits are /, m, n (by taking 


the digits in different orders). Shew that the difference between two 
such numbers is always divisible by 9. 
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83. The square root of a number is that number whose square 
is equal to the given number. 


Thus the square root of 49 is 7, because 7?=49. 

The cube root of a number is that number whose cube is equal 
to the given number. 

Thus the cube root of 64 is 4, because 4° = 64. 


Notre. The square and cube root of 1 are each equal to 1. 


The root of a number is denoted by the symbol ,/ with a small figure 
prefixed to indicate the order of the root. In the case of the square 
root the small figure is usually omitted. 

Thus the square root of 9 is denoted by X/9 or more simply by /9, 

the cube root of 64 ..............6... 2/64. 


The symbol ,/ is sometimes referred to as the radical sign. 


84. The square of a composite number must contain the square 

of every factor of that number. For example 
Geax s ) 62K 3K 2X Sr Kee 
Dee aa 062 = 2? XT KO ae 7, 

It will be noticed that each prime factor of the number is 
repeated an even number of times in the square of the number. 
Conversely, when a square number has been expressed in prime 
factors, its square root can be written down at once by simply 
halving the index of the power of each prime factor. 


ExaMPLe 1, Find the square root of the square number 213444. 


Here 213444=4 «9x11? x 49 4 | 213444 
= OP y Be PID ees 9 | 58361 

; i 11 | 5929 

.”. Sq. root of 213444=2x3x11x7 11 | 539 

— 462. oT 


EXAMPLE 2. By means of factors find whether 5292 ts a square 
- number or not. 


Here 5292—4x9x7?2x3 3 apa 

— 9? x 3? x 72, 7 [147 

And since 3 occurs to an odd power, 5292 is not a square 7 | 21 
number. “3 


85. When a number is expressed in factors its cube contains 
each factor repeated 3 times. 
Thus Dee een 2 2% 0% 2. OK DK a ica cass esbne (i) 
Dae he ae 2 SX DX SK DOD int vaccv vcs ents (ii) 
In (i) each of the factors 2 and 5 occurs 3 times in the cube. 
In (ii) a be 2 and 3? - 


bP) 99 
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It should also be noticed that the cube of every even number 
must contain the factor 2°, or 8. | 

Conversely, when a cube number has been expressed in prime 
factors, its cube root can be written down by taking the product of 
the prime factors each with an index which is one-third of the 
corresponding index in the cube number. 

Moreover any even cube number must be divisible by 8. Hence 
the method of the last article may be very quickly applied. 


ExamMpLe. Jind the cube root of the cube number 3652264. 


Here © 3652264 =8 x 73 x 1331 8 | 3652264 
—23 x 73 x 113, 7 | 456533 

7 | 65219 

-. cube root of 3652264=2 x 7 x 11 7/9317 
= 154. 1331 


We first use the factor 8 since the number is even. 


Then on finding that 7 is a factor we divide by it three times, and 
1331 is obviously the cube of 11. 


EXAMPLES IV. b. 
(Hxamples 1 to 17 and 33 may be taken orally.) 


Read off the square roots of 
1. 4, 9, 16, 25, 36, 49, 64, 81, 100, 144, 169. 


DoD? 52, 3 gee Ban x 3". 5.  Bexbe 
6G. 3? x 132. 7 Se 8 §32x2!x54 9. Bxaee 
10. «@b?. 1h. #250702 12. 49m2n"p*.. 18. Slate. 


Read off the values of 
14. VBex7. 15. N5?.2?.7% 16, Vi6a%ct 17, /144min® 


By separating into prime factors determine which of the following 
numbers are squares, and find their square roots : 


18, 324. 19. 576. 90, 628. 21. 1323. 22 2304. 
93, 10082. 24, 1936. 95) 3136.. 26. 6294. . 275 07min 


Find the least factor by which the following numbers must be 
multiplied so that in each case the product may be a square number : 


98, 392. 29. 605. 80. 1584 3]. 1183. 32. 19845. 
33. Read off the cube roots of 
8, 27, 64, 125, 216, 343, 512, 729, 1000, 1331, 1728. 
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The following numbers are perfect cubes. Find their cube roots by 
means of factors. 


34. 10648. 35, 21952. 36. 46656. 37, «91125. 
38, Find the least square number that is divisible by 7, 8, and 9. 
39. Find a square number between 1000 and 2000, which is divisible 


40. If a=3, b=4, c=27, find the value of 
(i) Nabe. (ii) apes (iii) V7(a+b). (iv) V25(a? 40%). 


Highest Common Factor. 


86. A factor which divides two or more numbers is called a 
common factor (or common measure). 
Thus 5 is a common factor of 15, 35, and 45, 


and & x is a common factor of ax, bx, and cx. 


87. The Highest Common Factor of two or more numbers is 
the highest number which divides each of them exactly. The 
abbreviation H.C.F. is used for the words highest common factor. 

The terms highest common divisor (H.C.D.) and greatest common 
measure (G.C.M.) are sometimes used instead of highest common 
factor. 


88. In the case of numbers which have been expressed in prime 
factors the H.C.F. can be written down by inspection. 


EXAMPLE. Find the H.C.F. of 126, 132, and 360. 


_. Expressing the numbers in prime factors it will be found that 


The highest power of 2 which will divide 
= 2 

126=2 x3’ 7, Oa enc 2° is 2; the highest power of 3 
iepeu <a X LI, which will divide 32, 3°, is 32, and there are no 


other common factors. 


poe 2 x 3? x5, 
san pak Thus the H.C.F. is 2 x 3?, or 18. 


89. Sometimes the H.C.F. may be found without expressing all 
the numbers in prime factors. 


Exampie. Find the H.C.F. of 440, 1800, 2800. 


440=10x« 114, and of these three factors 10 and 4 divide all three 
numbers, 11 does not. 
the B,C. = 10x 4=40. 
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EXAMPLES IV. c. 
(Examples 1 to 14 may be taken orally.) 


Read off the H.C.F. of 


5 aba et Q. 12, 18. 3, 6, 24. 4, 16, 20. 
5, 27, 45. 6, 28, 49. 7, 42, 60. 8, 35, 56. 
9, 12, 72. 10. 30, 45. ll. 4, 6, 12. | 
12. 14, 21, 28. 13. 24, 30, 36. 14, 15, 60, 75. 
Find by resolution into prime factors the H.C.F. of 

15. 144, 180. 16. 46, 138. 17, . 136, 153. 

18, 135, 225. 19. 198, 308. 90, 240, 512. 

21, 384, 1296. 92, 891, 281. 93, 45, 120, 180. 
24, 24, 72, 108. 25, 51, 68, 153. 26. 36, 108, 216. 
97, 111, 74, 185. 98, 140, 210, 315. 99, 350, 600, 550. 


30. 234, 288, 270. 31. 540, 945, 1215. 32. 660, 1617, 4235. 


Write down the H.C.F. of 
83. Say, Oars 34. 8ab?c, 12a7bc”. - 35. 20p°q, 15p"q?r. 
36. 16a%b, 24ac®, 32a7b*c?. 37. 2laxy, 14a2%xy?, 6x?y”. 


90. When the numbers are not easily separated into prime 
factors a different process has to be used. 


The method depends on the following principles : 

(i) If a number contains a certain factor, any multiple of the 
number is divisible by that factor. 

Thus 3 is a factor of 15, and therefore of 15 x, where n stands for 


any whole number. 


(ii) If two numbers have a common factor, it will divide their 
sum and their difference ; and also the sum and difference of any 
multiples of them. 


Thus 3 being a common factor of 27 and 15, is also a factor of 
27415, and of 27 - 15. 


Again 3 will divide 27m+15n and 27m —15n, where mand » stand for 
any whole numbers. 
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Exampie. Find the H.C.F. of 506 and 1863. 


506 ) 1863 (3 Divide the greater number by 
1518 the less; divide the less by the 
345 ) 506 (1 remainder: divide the first re- 
945 mainder by the new remainder, 
Sa Ay , and so on till there is no remain- 
161 ) 345 (2 der. The last divisor is the 
322 H.C.F. required. 
Zo iol (7 
, 161 


For the H.C.F. of 1863 and 506 is also a factor of 1863 — 506 x 3, or 
345; therefore a common factor of 506 and 345. 


Again the H.C.F. of these numbers is a factor. of their difference 
161, and therefore a common factor of 345 and 161. Therefore also of 
345-161 x2, or 23. Therefore also of 161 and 23. And the highest 
common factor of these is obviously 23. 


From this example it is seen that the method succeeds because at 
any stage every common factor of the original numbers is a factor 
of the dividend and divisor at that stage. Hence the H.C.F. will 
be the same as that for the /ast divisor and dividend; that is the 
last divisor is the H.C.F. 


If in any example by this method the last divisor is 1, the numbers 
have no common factor except unity, that is they are prime to each 
other. . 


The work may be arranged more compactly in parallel columns, 
placing the quotients to right and left alternately. Or more briefly 
still by employing the Italian method of division, but as it is difficult 
to detect a mistake made in the course of the work this method is 
not recommended to beginners. 


11506} 186313 By THE ITALIAN METHOD. 
Et 1518 1 | 506 | 1863 | 3 
7\161| 345/2 Weiss | 
161; 322 
ah 28 


91. The work may often be shortened by the following devices : 


(i) Any obvious factors may be removed from the numbers 
before the application of the rule. The H.C.F. of these factors, 
if any, must be reserved and multiplied into the H.C.F. given 
by the rule. . 


(ii) Since every remainder contains the H.C.F. as a factor, we 
may throw out any factor of the remainder at any stage if it is 
not a factor common to the numbers whose H.C.F. we are finding. 


76 ARITHMETIC. [CHAP. 


The following example illustrates the method above described. 
For comparison we also give the full working by the method of 
Art. 90. 

ExampLe. Find the H.C.F. of 55224 and 122012. 


4 | 55224 | 122012 |2 


55224=8 x 9 x 767, 46256 | 110448 
122012 =4 x 11 x 2773. 3| 8968| 11564)|1 
We may reject 9 and 11 which 7788 | 8968 
are not common factors. The 5| 1180} 2596/2 
H.C.F. of 8 and 4 is 4, which 1180} 2360 
must be reserved as a factor of 236 
the H.C.F. ; 
; H.C.F. =236. 
13|767| 2773/3 
59 2301 
177 8| 472 The factor 8 is rejected because it is not a 
177 59 common factor of 767 and 2773. 


Thus the H.C.F. =4 x 59 
= 236. 


92. When there are more than two numbers, not easily put into 
factors, we find the H.C.F. of two ; then the H.C.F. of the result 
and a third number, and so on. The final H.C.F. is that required. 

ExAmp.e 1. Find the H.C.F. of 806, 663, 377. 


We may first reject 2 from the first, and 3 from the second number, 
and proceed with 403, 221, Bits 


The rule gives 13 as the H.C.F. of the first two, and since 13 divides 
377 it is the required H.C.F. 


EXAMPLE 2. What is the greatest length which can be used to measwre 
exactly the following lengths: 20 ft., 18 ft. 9 in., 17 ft. 6 in., 21 ft. 3 in.? 


We must express these lengths in the same denomination and find 
their greatest common measure (Art. 66). 


Expressed in inches we have 240 in., 165 in., 210 in., 255 in., and the 
G.C.M. of these is 15 in., or 1 ft. 3 in. 


EXAMPLES IV. d. 
Find the H.C.F. of 
je REPS 2. 203, 319. 8, 559, Bid. 4, 644, 532. 
5, 255, 391. 62° 329,799. 7, 527, 1147. 8, 623, 833. 
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9, 348, 1024. 10. 1702, 1998. . 11. 3451, 9367. 
12, 1379, 2401. 13. 4199, 5083. 14, 2893, 10520. 
15. 13547, 17081. 16. 20677, 31279. 17, 10549, 13563. 
18. 16984, 5404. 19, 16995, 64890. 20. 94248, 504900. 
21, 183, 793,976. 22, 658, 940, 1128. 23, 403, 744, 1023. 
24, 42237, 75582, 8892. 25, 3456, 26244, 99225. 


. Find the greatest number which will divide 14490 and 31530 so 
as to leave the remainder 6 in each case. 


27. Find the greatest number which will divide 11296 and 13528 
so as to leave remainders 11 and 23 respectively. 


28. Shew that 53477 and 68401 are prime to one another. 


29. If two sums of £5 and 5 guineas are to be paid in coins all of 
one kind, what is the largest coin that can be used ? 


30. What is the length of the largest square tile that can be used 
in paving a hall 18 ft. 8 in. by 15 ft. 9 in.? 


31. In finding the H.C.F. of two numbers the last remainder is 35, 
and the quotients in order are 1, 2, 1, 3. Find the numbers. 


32. Find the largest number which is such that when 142408, 
153599, and 166402 are divided by it, the remainders are all the same. 


30. In a long division sum the quotient consists of two figures ; 
if the dividend is 40051, and the two remainders are 173 and 294, find 
the divisor and quotient. 


Lowest Common Multiple. 
93. A number which is exactly divisible by two or more 
numbers is called a common multiple of those numbers. 
Thus 42 is a common multiple of 3 and 7, 


and may is a common multiple of x and y. 


94. The lowest common multiple of two or more numbers 
is the dowest number which contains each of them as a factor. 


Thus: each of the numbers 12, 24, 48 is a common multiple of 2, 3, 
and. 4, but their /owest common multiple is 12. 


The term least common multiple is also used, and the letters 
L.C.M. are used as an abbreviation for either term. 
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95. When numbers can be expressed in prime factors their 
L.C.M. can be written down by inspection. 


Exampur. Find the L.C.M. of 18, 28, 108, and 105. 


The L.C.M. must contain every prime factor 
18=2x 3’, of each of the numbers, and moreover it must 
28 —22 x7, contain the highest power of each factor which 

appears in any one of them. 
108=2? x 3%, ‘ 2 ae 

Thus it must contain 2? or it would not be 

lOb=3 x Bx. a multiple of 28; and it must contain 3° or it 

. would not be a multiple of 108. The other 

factors are 5 and 7, which do not occur more than once in any of the 
given numbers. 


Thus the L.C.M. =2? x 3? x 5 x 7=3780. 


Norge. We might have struck out 18 at once, since any multiple of 
108 must contain 18 as a factor. 


96. The prime factors of the L.C.M. may often be obtained 
more quickly by the following method. It will be seen that the 
work admits of more than one arrangement. 


7| 18, 28, 108, 105 2| 18, 28, 108, 105 
3|%, 108, 15 2|14, 54, 105 
50.4.5 Bi%, 27, 105 

3/9, 105 


Te Me 7 aD X36 
Stay] OU. a. 
L.C.M. =2x2x3x3x3x35=3780. 


Hxplanation. After striking out any number which is a factor of 
any other, divide the remaining numbers by any prime factor which is 
a factor of two of them at least, bringing down into the line of quotients 
any number which is not divisible by the prime. Repeat this process 
till the line of quotients consists entirely of numbers prime to each 
other. Then the product of the successive divisors and the final 
quotients is the L.C.M. required. It is important to observe that in 
the rule thus stated the divisors should be prime numbers. 


EXAMPLES IV. e. 
(Examples 1-30 may be taken orally.) 


Read off the L.C.M. of 


lL. 325-6. y Aes ae LP Se big: AO. 4, 3,8. 
Ho Gae 6. 14, 21. 1. Sy Sl. 8, 21, 35. 
9, 15, 25. 10. 18, 24. ll. 2, 4, 6. 12° ee 


18/339; 0: 44, °6,.12, 18. 15. 5, 45, 30. 
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Read off as the product of prime factors the L.C.M. of 


Tao 2 Xo Kee Lia: 23:3? Oo 

18. 2x37, 3x7x5. Eo. 192- 32,7, 5.5 ee 

J ER Siti Ei Sea as: 3 BAS oo. 15 he ee 

g2, ab;-bc, a: 93. 2xy, Syz, 42x. 94... 8x7; ay: 12y?. 


Read off (as the product of prime factors) both the H.C.F. and the 
L.C.M. of 


95. 5.3%, 52.3, 5°.3% 96, 24.7, 2.°73, 22.72. 
97. 34, 23.3%, 24.3, 2.38. 98, -ab?, ab, a3b. 
29. 12ab, 6be, 4abe. 30,.* 9xyz; 372. UU ez. 
Find by the method of prime factors the L.C.M. of 
81) 6. 8, 10: 89-6. 12, 15. 33, 18, 24, 36. 
34, 4, 12, 16, 20. 35, 18, 27, 36, 28. 
36. 16, 24, 48, 60. 89-02, 32 Torr ieu. 
38, 14,. 49, 84, 63. 39, 120, 144, 96, 100: 
40. 12, 18, 30, 48, 60. 41, 63, 12, 84, 28, 70. 
42. 16, 42, 64, 70, 80, 112. 43, 135, 126, 90, 255. 
44, 80, 108, 64, 720, 864. 45, 60, 36, 65, 78, 208. 


Find by the method of prime factors both the H.C.F. and the 
L.C.M. of 


46, 45, 75, 2265. 47, 28, 42, 98. 48, 165, 231, 550. 


97. When the numbers are not easily separated into prime 
factors we proceed as follows. 

Let A and B be two numbers, and X their H.C.F. 
~ Let A and B contain X exactly m and n times respectively ; 

then A=mX, and B=n2X; 
where m and 7 have no common factor. 
_ L.C.M. of A and B=mnx ="*"* AB 

Hence the L.C.M. of two numbers may be found by dividing 
their product by their H.C.F. 

Also we conclude that the product of two numbers is the same as 
the product of their H.C.F. and L.C.M. 


In the same way it may be shewn that if A, B, C are any three 
numbers whose H.C.F. is X, their LOM. =" y 
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Exampie. Find the L.C.M. of 299, 221, and 759. 
The H.C.F. of 299 and 221 is 18. By division we find that 
299 = 13 x 23, and 221=13 x 17. 


Since all these factors must be factors of the L.C.M. we make trial of 
the factors 17 and 23 applied to the number 759. Thus we find 
759=23 x3 x11. 


Thus the L.C.M. required =13 x 23 x 17 x 3 x 11 =167789. 


EXAMPLES IV. f. 


Find the L.C.M. of 
De pass OP hO7 AS 1; 83, 1397, 3683. 4, 817, 2021. 
5. 9669, 16115. 6. 3024, 4752, 7488. 7, 959, 3973, 2329. 


8 What is the least sum of money that can be distributed exactly 
either in half-crowns or half-guineas ? 


9, What is the greatest number that will divide 3104, 20832, 
34144? 


10. Find the smallest number which contains 156, 168, 208, and 
- 432 as divisors. 

11. What is the lowest number which, when divided separately by 
15, 20, 48, and 36, will in each case leave 9 as remainder ? 


12. Find the H.C.F. and the L.C.M. of 161, 253, 299, 322. 


13. Four cisterns are capable of holding 72, 24, 56, and 120 gallons 
respectively. What is the capacity of the greatest vessel which can 
be used to fill them exactly ? 


14. Determine the smallest sum of money out of which a number 
of men, women, and children respectively may receive rok Aa Bae os 
18s. 9d., and 8s. 3d. each. 


15. Four men can walk 105, 112, 126, and 168 miles in a week 
respectively. What is the least distance they can all walk in an exact 
number of weeks? 


16. Three bells toll at intervals of 18, 24, 32 seconds: if they begin 
to toll together, what length of time will elapse before they toll 
together again ? 


17, A, B, and C start at the same time, and in the same directien, to 
run round a circular course. If A makes the circuit in 252 seconds, 
B in 308, and C in 198, and they all start from the same point, when 
will they next be all at the starting point together ? 


18. The H.C.F. of two numbers is 119; their L.C.M. is 11781 ; one 
of the numbers is 1071. Find the other. 


CHAPTER V. 
FRACTIONS. 


98. WHEN a number expresses an evact number of units of any 
kind it is called a whole number or an integer. 
Thus if £1 is the unit, £3, £5, £12 are respectively three-times, five- 


times, and twelve-times the unit. Each is an integral multiple of the 
unit. 


99. When the unit is supposed to be divided into any number 
of equal parts, and one or more of those parts are taken, the 
result is called a fraction. 


Let the unit be the line AB, divided into 20 equal parts, so 
that éach part is one-twentieth of the unit. 


5 10 15 
5 eS A A ec WG LY 
A C D : E B 


Then AC, AD, AE respectively contain 3, 7, 15 parts, and 
represent 3 twentieths, 7 twentieths, and 15 twentieths of the 
unit. 


Again if £1 is the unit, and we suppose the unit to be divided 
into 20 equal parts, each part will be 1 shilling, and 3s., 7s., 15s. 
will be respectively three-twentieths, eight-twentieths, and ji fteen- 
twentieths of the unit. 


These fractions are written 5, 5, 33. Thus a fraction is 


expressed by two numbers one over the other, separated by a 
horizontal bar. 


The lower number, which expresses the number of equal parts 
into which the unit is divided, is called the denominator. The 
upper number which expresses the number of parts taken in any 
fraction is called the numerator. The numerator and denomi- 
nator are sometimes called the terms of a fraction. 


Nott. When the numerator and denominator of a fraction are 
equal its value is unity. 


Thus in the above illustrations 20 twentieths of the line make up 
AB, which is the whole unit. 


And 20 twentieths of £1, that is 20 shillings, make up the whole 
pound. Thus $¢=1. 


o4.8 rapt PS 
Similarly 7, 3, 7 are each equal to 1. 


o 


AR, H.S. sy 
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100. Fractions expressed in this manner are known as Vulgar 
(or Common) Fractions to distinguish them from Decimal Fractions 
(or Decimals) which will be explained in Chap. VI. 

The particular unit supposed to be divided is not necessarily 
expressed, but the notation is the same. 


” 


POPE ee ak Vein te Mabe ne : ie 
The fractions 4, 2, +, 3%, ... are read as follows : 

one-half, two-thirds, four-fifths, five-sixteenths, ... , 
and apply to the subdivisions of any kind of unit. 


101. A fraction may also be defined as the result of divid- 
ing the numerator by the denominator. For, by the former 
definition, : 

4 denotes four times the fifth part of the unit. 

But if we divide 4 units by 5 we get a result which is four times 

as great as the fifth part of 1 unit. 


Hence the fraction * is the result of dividing 4 units by 5.” 
This may be proved graphically as follows : 


In the adjoining diagram let each of the vertical 
strips, such as ABFE, denote the unit; then the 
fiz. ABCD represents 4 units. Also it contains 
20 squares ; j 

. 4units+5=22, or 4 squares. 


5? 
Again the fraction 4=4 of the unit strip ABFE 
=4 squares. 


Thus the fraction # is the result of dividing 4 units by 5. 

Hence there are two ways in which any fraction may be regarded. 
(i) The fraction =4 parts each of which is one-fifth of the unit. 
(ii) The fraction =one-fifth part of 4 units 


=the quotient when 4 is divided by 5. 


102. Another mode of reading fractions is sometimes used : 


thus 3 is read five over eight, 
41, _— eleven over thirteen, and so on. 


Notsr. Instead of using the horizontal line to separate numerator 
and denominator, it is sometimes convenient to write fractions in the 
following form 

1/2, 2/3, 4/5, 5/16. 


Verbally they are read as above explained in Art. 100. 
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EXAMPLES V. a. (Oral.) 
Read off the value of 


1, Five-twelfths of 1s. 2. Nine-twelfths of 1s. 
8. Six-twelfths of ls. 4, One-half of 1s. 
5. Two-thirds of Is. 6. Five-sixths of ls. 
7. Seven-twentieths of £1. 8. Fifteen-twentieths of £1. 
9. Three-tenths of £1. 10. Three-fourths of £1. 
11. Seven-eighths of £1. 12. Nine-fortieths of £1. 
} 13.. Three-fourths of 1 ewt. 14, Seven-twentieths of 1 ton. 
15. One-twelfth of 1 ft. 16. Two-thirds of 1 yd. 
17. Five-sixteenths of 1 lb. 18. Nineteen-sixtieths of 1 hr. 
19 4 of sr 20. 6 of £1. MW 2 oF £1. 
22 rz of ls. 93. zgoof£l. | 94, sty of £1. 
5. zo of £l. 96. +6 of £1. 27, x¢ of 1 yd. 
98, 7 of 1 ft. 299. zo of l metre. 30. yopo of 1 metre. 
Si: 1008 of 1 kilometre. 32. oo of 1 a 
oo veo of lfrane. 34, sake of lmile. 35, doy of 1 furlong. 
36. vy of 1 hr. Soe of 1 day. 38. iz of 1 ewt. 


Read off the number of 


Seah as a ee 77: 
39, Pence in 3 @ 3 * of a shilling. 


“W112. . if 74 i 9 . 


een LS ee a 
41, Inches in 3¢) 36) Ta 1g of a yard. 


: 1 ek 1 ie ats 3 
42. Hours IN 64> 69 89 129 6) 8 of a day. 


Sy. eee eae | 
43, Ounces in 7 te a = Of a lb. 


44, Pounds in iD tem rs zs of a cwt. 
—f 1-11-1144 pt it 4 
A B 
45, The line AB is divided into 12 equal parts. Copy this on squared 
- paper, and place letters P, Q, R, X, ¥, Z so that 
AP may represent 7's of AB; AQ may represent 75 of AB; 
Ric tore neva. iy OL AB's) BX iinet. + of AB; 
BY. Acta ro ae Or AB;  BZoaheemnis + of AB. 


x i vi \ ~ X f ? 
SH ¥ NLP AL 
x - we 
j eel 
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46, Each line of your squared paper is divided into inches, and each 
inch into tenths of an inch. Rule lines to represent qo of an 
inch, 79 of an inch, 2 inches and 7p of an inch, 3 inches and is 
of an inch, 1 inch and 7% inch. 

[N.B. 2 hoe and 725 of an inch may be written 2;°, inch; and 
so on. 


47, A line AB is divided into m equal parts, and X is so placed that 
AX contains m of them. What fraction is the line AX of the 
line-AB? 

Illustrate this on squared paper, making 
AB =44 inches, n=15, and m=5. 


48, Copy this figure on squared paper, and 


by means of letters name portions that 


will shew zo) so $ ¢ of the whole 


area. 


EXAMPLES V. b. (Orai.) 
What fractions of 1 shilling are 5 pence, 7 pence, 11 pence? 
What fractions of £1 are 3 shillings, 7 shillings, 13 shillings ? 
What fractions of 1 foot are 1 inch, 5 inches, x inches? 


Express 3 0z., 9 oz., 17 oz. as fractions of 1 lb. 


Cl eons rs 


Express 13 centimetres, 21 cm., y cm. as fractions of 1 metre. 

6. Express 17 centimes, 41 centimes, z centimes as fractions of 
1 france. 

7. How many sums each of 4 shillings are contained in £1? 
What fractions of £1 are 4 shillings, 8 shillings, 12s., 16s. ? 


8. How many lengths each of 4 inches are there in 1 yard? Hence 
express the following lengths as fractions of a yard : 4 inches, 8 inches, 
16 inches, 20 inches, 28 inches, 32 inches. 


9. How many sixpences are there in £1? Hence express 18 pence, 
42 pence, 66 pence, 6x pence as fractions of £1. 
10. What fractions of 1 foot are 3 inches, 4 inches, 6 inches ? 
11. What fractions 
of a franc are 10 centimes, 30 centimes, 70 centimes ? 
oka ene 20 centimes, 40 centimes, 60 centimes ? 
Pe eis xe 25 centimes, 50 centimes, 75 centimes ? 


12. Express 9 metres, 9 decametres, 9 hectometres as fractions of 
1 kilometre. 
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103. From the foregoing examples it will have been noticed 
that, when the unit is the same, there are different ways of 
expressing the same fraction. 


For instance, 3. of 1s.=3 threepences=9 pence, 
+z of 1s.=9 pence ; 


so that $= 5. 
Again, 4% of £1=14 shillings, 
zp Of £1=7 florins=14 shillings ; J 
sO that is oe iv 


These are particular illustrations of the following general prin- 
ciple which is applicable to all fractions. 


104. The value of a fraction is not altered 7f we multiply or divide 
the numerator and denominator by the same quantity. 


To prove that z= =>. 


By = we mean 3 equal parts, 4 of which make up the unit .... (i); 


oo Se 6. sxc zag oka ments Be peta nine os dou cuins vc'ueucene bao eeeaeee (ii). 
Since 4 parts in (i)=8 parts in (ii) ; 
‘> , Lopate ieee Be rdan 6 ics eS oirs's e's 6 ; 
3 parts ...... Oates sess ss 
That is, g= 6 


We have thus shewn that by multiplying each term of the 
fraction # by 2 its value is unaltered. 
Or we may give a graphical proof as follows : 


To prove that SSS a5 a =F. 


ft 
A C D i B 


Let the unit be represented by the straight line AB, and let it be 
divided into 4 equal parts at the points C, D, E, so that # of AB=AE. 
Again let each of the parts AC, CD, DE, EB be subdivided into 


3 equal parts, then the whole line AB contains 12 of these parts. Also 
AE contains 9 of such parts ; 


hence in of AB=AE=3 of AB. 
That is, r= 3, 


We have thus shewn that by dividing each term of the fraction is 
by 3 its value is unaltered. 
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Similar reasoning will shew the truth of the general principle, 
which may be expressed thus 
a ma 
b me 
where a, b, and m stand for any whole numbers whatever. 


105. Consider the fraction #9. 


By the last article, $2=1?=4, dividing the terms successively by 
5 and 3. Hence it appears that by removing equal factors from 
the terms of a fraction it may be expressed in a simpler form 


without altering its value. 


106. When a fraction has been so simplified that its numerator 
and denominator have no common factor it is said to be reduced 
to lowest terms. 


EXAMPLE 1. Reduce ne to its lowest terms. 


5 4 9° 5 ° 
30.2 ae It is usual to strike out or 
105 °° So oxy : a 56 
: cancel’ like factors from nume- 
=F: rator and denominator. 


EXAMPLE 2. Reduce i to its lowest terms. 


: 609 3X208 ; 
By-trial, 45 sree pets Here no common factor is at 
Looe once evident, but we easily re- 
= 5xX11X29 cognise the prime factors 5. ib} 
a and 11, and thus disclose the 
a Seaee common factor 29. 


Nore. In working examples in fractions results must always be 
reduced to lowest terms. 


EXAMPLES V. c. (Oral.) 


1. Express by the simplest fraction the share of each person when 
(i) 5 things are divided amongst 6, 20, 30. 
(ii) 8-2. eRe eenee gerne. Mee cde 12, 16, 40. 
2. What is the share of each when 12 buns are divided between 
18, 24, 31 boys? 
Express as a fraction of a shilling : 
8. The cost of 1 lb. of raisins if 12 lbs. cost 8s. 
The cost of 1 photograph if 30 cost 25s. 
The cost of 1 egg at 10s. a gross. 
The cost of 1 dozen oranges at 8s. a gross. 
. The cost of 1 lb. of potatoes at 5s. for 100 Ibs. 


pee SEES acct 
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8. What is the cost of (i) an apple at 15 for ls. ; (ii) an egg at 9d. 
a dozen ; (iii) a bun at 6s. 8d. a hundred? 


: Sieh ee : 
9, Express each of the fractions 3, 3 @ with denominator 12. 
; 3 $6 ais 
10. Express each of the fractions 3, 7) 73 With numerator 24. 
; Smee Stephene. 14. 3626 
J. Read off each of the fractions 7o) Ga 72> Te) 18) Zi Be SB? 
737 in its simplest form. 


’ 


EXAMPLES V. d. 
(Examples 1-10 showd be taken orally.) | 


Read off the following fractions in their lowest terms : 


Te St ei aro oe SINUS cid A EE a a 
eer eee tare? 107 10" ei spel Os LG?) 5% 1a? 6 
POeeee eb 20 4. 20 30 15 14 36 63 
15? 25° 259 209 20> 4 “SF Oe CFS Bo) 6 3) Coo. Cay 
a4 30 33 5 6 Te 
o. 47 6. fz 1. 88 8. 9. 73 
10. By expressing 2 feet and 24 inches-as fractions of 1 yard, shew 
‘that $= ae. 
Reduce the following fractions to their lowest terms : 
39 315 288 224 465 
Peis 13. See eee ib. ARE 
231 476 84 132 2508 
16. so05- Ll. S52. 18. 4532 19. goer. «620. so38- 
A Wiens 9:3 Sapressing 7 shillings and 84 pence as fractions of £1, shew 
that - FO =r: 


22. Shew g praphicall y, after the manner of Art. 104, that 
| (G) $=3; (i) f=35 Gil) so=7- 

93, Shew by first principles, following the argument of Art. 104, that 

a _ mat 


that 


25. Reduce the following fractions to their lowest terms : 


UXUXY (ii) abe Gi) 4x a? x h? ( 12max? 


yxaxb xed 6x b?xa- 18a2ma 
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107. When common factors of numerator and denominator are 
not easily found by inspection we must use the rule for finding 
their EC.F. 


‘ 
ExAMPLE 1. Reduce St to its lowest terms. 


32 


Here cots ee As no factors are aGrions, the common 
factor 19 must be found by the rule for 
tS. finding the H.C.F. r 


ie. 


2 


ExampLe 2. Reduce = aa ia to its lowest terms. 


Beets LX) X25 By trial the numerator is divisible by 9 
2369 283x103 = and 11, neither of which will divide the 
Jaks denominator. Hence if the fraction admits 

pe of reduction, 23 must be a factor of the 


denominator. On division we obtain the other factor 103. 


EXAMPLES V. d. (Continued.) 


Simplify 
221 391 377 437 299 
26. Ty are 27. ZOs 28. 403° 29. 5 aki 30. 368° 
1265 837 1395 . 572 954 
81. gis3 92. oo7 33. 3335-° 34. vys7 99. aeer 


108. Any whole number can be expressed in a fractional form 
in an unlimited number of ways. 


_ 8 Sek ee ees KT 27. 
Thus B= Sa 3%4— TS 8S=g S977 3 
5-0 1 ee 
1=5=$3=45= 5, and so on 


109. When the numerator is less than the denominator, a 
fraction is called a proper fraction. 
Thus 2, 3, 3, ,% are proper fractions, and each is less than 1. 


110. When the numerator is greater than the denominator, a 
fraction is called an improper fraction. 

Let the unit be one inch, and let the line AE be marked in 
inches at B, C, and D, and let each inch be divided into 5 equal 
parts, or fifths of an inch. 


P Q 
A B Cc D:. +e 
Then 8 of an inch=AP=AB+ BP 


5 


=] inch + 2 of an inch. 


And 42 of an inch=AQ= AC+CQ 
=2 inches+ 2 of an inch. 


v.] MIXED NUMBERS. 


Or by Art. 99, 


oe 


-— 


4P=(10+2) fifths=12 


it is called a mixed number. 
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8 fifths of the unit =(5 +3) fifths 


=5 fifths +3 fifths 
=1+3. 
+2=2+2, 


Thus an improper fraction is made up of one or more units 
together with a proper fraction. 


When expressed in this way 
The plus sign is usually omitted 


and the above results are written $= 13, 42 = 22, 


Exampie 1. LZuxpress (i) 4; (ii) 4; (iii) 37° as mixed numbers. 
. (i) 116+5_15 Here we divide the numerator by 
eon, bes Oe the denominator. In each case the 
er. 9' 44.9) ogee quotient gives the number of units 
(ii) Sapa amend in the whole number, and the re- 
17 )316(18 mainder (or number of parts over) 

WV gives the numerator of the proper 

(111) FAS = 1810 146 fraction. The intermediate step of 
a the written work may be dispensed 


with after a little practice. 


EXAMPLE 2. Express a as an improper fraction. 


Here we reverse the process of 
Ex. 1. Since each unit contains 11 
elevenths, 7 units=77 elevenths. To 
this product we add 3 to obtain the 
numerator of the improper fraction. 


EXAMPLES V. e. 
(Hxamples 1 and 15 should be taken orally.) 


Express as mixed numbers, or integers :. 


ABE RAS YS SBS 4B 88 

| i 4, i?8 5. 3 6. 28, a 3e. 
Be A. 9. AG. 10. 4. I. 413, 192. ore, 138. 338 
14, Explain why (i) }4=1+, 5, ; (ii) $3 =29 5 


and in each case illustrate your answer graphically by a line 


ruled on squared paper. 
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Express as improper fractions : 


5 5 1 2 wt 135 as 
15. 31, 23, 18, 475, 5%, 107, Hg, 620, S200: 


16. 5+45. owe. 18. 1btg. ae seedy | am 
1. 4025... 22.° 1875. 23. o7.8...' Qh B85s. 7 2. 295. 


111. Gomparison of Fractions. Since a fraction is the result 
of dividing the numerator by the denominator, when two fractions 
have the same denominator, the greater is that which has the 
greater numerator. And when two fractions have the same 
numerator, the greater is that which has the dess denominator. 


Ga res. 2s, 7; - . fee 
Thus ;% is greater than 49, and £ is greater than 73- 


112. By Art. 104, it is always possible to express a fraction in 
a new form by taking any number which is an exact multiple of 
its denominator for the new denominator. 

Thus © See et 


= 


8° BxXL DONT SKIL? 


and so on. 


Examen. Express the fractions qo and <r with denominator 70 and 
(ind which of them as the greater. 


18 eee The multipliers 7 and 5 are found by 
10 Oe dividing the new denominator 70 by the 
5 _ 6x5 _25 denominators 10 and 14 in turn. As the 
14° ee fractions now have the same denominator 


the greater of the two is that with the greater numerator. 
Thus 77 is greater than =o- 


113. If it is required to compare two or more fractions with 
diferent denominators, it is usually best to replace them by 
equivalent fractions with the same denominator for all. The 
work will be simplified if we choose for the common denominator 
the L.C.M. of the denominators of the given fractions. 


. > 3 5 ° . 
EXAMPLE, Arrange the fractions 73> 10> 21 order of magnitude. 


(f2  _<8xde _ 28 (1) 5 | 15, i 23 


Ae “15x14 2107 A ae 8, 2, 2) 
Ene 3 ae 3x21 3,6 ee (3) P 
eth fi LOXBA, 2200) : L.C.M. of 15, 10, 21=5.x 2x 21=210. 
ei = oe oS. pene (2) The factors 14, 21, and 10 are 


obtained by dividing 210 by the de- 


jjominators‘of the given fractions in turn. By comparing the numerators 
2:8.” « 63 : 
we see that 979 is the least and 3°75 the greatest of the given fractions. 


A SS eee sé. ; ; : 
‘Thus Se BD 10 are the original fractions when arranged in ascending 
order. 


v.] ADDITION AND SUBTRACTION OF FRACTIONS. 


ot 


Nott. The L.C.M. of the denominators of a series of fractions is 


called their least common denominator (L.C. D.). 


It is usually best to 


keep the L.C.D. in factors, then the multipliers required to reduce the 
given fractions to-their L.C.D. are found by menta//y crossing out the 


factors of the given denominators. Thus in the above example, 
Meaney — 14 § XBK Sx Teal me x 8.xX = 10. 


EXAMPLES V\V. f. 
(Lxamples 1-6 may be taken orally.) 
Express the following pairs of fractions with their L.C.D. : 


f. 


| Sanat aie ap See 2 TE ee ee eer 888 ON ae 

Ce eee TNL 669 103) Ba gas 

” Raa: See ae § sca S's. PA a ee A rae LL 

pee meets O.7 9 159 10> 6? Go peumes, fa? D1° 

In the following pairs of fractions which is the greater ? 

GD. Sea See ae Mi Wipegpie a0 2 eee 

Seer seves) 790.5). 69 Ai tee 21s 2S: 
Danae ged eS LI. OB Temes ge LO 2 BD 

Pe meee en G 3° F914 > 6) O°. Ney FS). BO" 

Read off the following sets of fractions expressed with their L.C.D. : 
ee ie ioe i Re el Sica Sepia ee ns 

Sees areas dS) Bs 10972 4 4 Sebo 

Re epee ST 558 ee BO AL 

peeenOws On 159.5? 30> To Bota Lena oy o4 

Arrange in ascending order of magnitude : 

PRES st Neg oiw. 2 egae Cee te eg pal ged i Rae 

sh MC A ewe R EEE Ainco3 5A), 1109-9 
In the following pairs of fractions which is the greater, and by how 
much ? 

40 56 15 33 ote AS 24° 97) 
10. 35) 7a ll. 35) se 12. 3% 73 13. 53) t00 


Addition and Subtraction of Fractions. 


114. When the fractions are of the same kind (¢e. all ninths, 
or all elevenths, and so on), we have only to take the sum or 


difference of the numerators, retaining the common denon 


ninagor. : 9 ene : 
: Pe yy f ¥ 
For just as 5 feet -+2 feet ='7 feet, A CS. ae \ 
+ @ OY Ga oN v4 
= ) 3 “ ¢ x 
so + 5=5 ninths+2 mnths=7 ninths ; ; : A pu NSP 
and £ = 3 =5 ninths —-2 ninths=3 ninths. ( a ) OS. 
: saa 
ha ae 5 V+ 7 8d 241 oO 
Again a a a SG) 1 ee eS: | as) os 
\ as 
16 2 5 T6+7 aso 4 ' ae 
And GB Ue as DR e Sie 8: x Nu = AS 
. S, 4 ww ee’ a! ~~ 
Notr. Results should be brought to their lowest terms, ard i AD ORR fs ~S y 
fractions should be expressed as mixed numbers. he es 
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115. When the fractions have different denominators they must 
first be expressed with a common denominator ; and the work 
will be simplified by taking the /eas¢ common denominator. 


. 2, 1 210 ore 
For instance st+e=istis is 
2 32 SO eee 

37 Bets ae aes 


Al Y t fe 
. 1 ee 3 xX Pe’ 5 


Take the line AB as the unit, and suppose it divided into thirds and 
also into fifths, as shewn in the diagram. 


Place the letters X and Y, so that AX may represent 3 of AB, and AY 
+ of AB. ; 
Now subdivide AB into 15 equal parts, and take XZ and XZ’ each 

equal to AY on opposite sides of X. 


Then AX contains 10 jfifteenths of AB ; 


and AY +s cate 3 fifteenths ....... 
Now AX+AY= AX + > A a AZ; 
that is, a+ + = 10 fifteenths + 3 fifteenths =13 Sifteenths. 
Similarly AX - AY = AX tee Gee, a AZ’; 


that is, 2 _ 1=10 fifteenths —3 fifteenths= 7 fifteenths. 


EXAMPLES V. g. 
(Examples 1-82 should be taken orally.) 
Find the value of 


B43. 2, 3+. 3. z+. 4, 242 
a+. 6 $+. 7 $+f. 8, 147 
E+ %- 10. 4+. 11, 3+ ,%- 12, ~ +7 
13, 2+-5. 14, 3++2. 15. 2-% 16. 12-4. 
17. 412-5. 18. 3-%. 19. 55-3 20, $- 
a1, i$-2. 22. Brt+a 93. geti 24, =F +4. 
25. wo-or 96, 3-4. 27, 2-4. 28, i-} 
99, (27a 80.. $+ Etq5- ok 243-5. 82. e+ 3-3 


v.] ADDITION AND SUBTRACTION OF FRACTIONS. 93 


A 1 2 Sp 
1 2 3 6 


33. Use the above diagram to prove that 


. oe 5 ita eee 1 1x 
(i) $+4¢=19- (ii) fe-t=7- (iii) g+3=3- 


34, Construct a diagram to illustrate graphically the following 
* equivalents : 


(i) $+3=15- (ii) $+75=3 (iii) +45 =3 
Find the value of 
rhe si a 
35. ay 36. 6 + 12 Si: 6 9° 
i ae | Dr es AO 
38. - Gy i 39. De = oe. 40. ae Pe 
Verify these results by substituting a=3,b=4, p=5, m=1, n=". 


Exameie. Find the sum of 3) 7x) 44 
The L.C.D. of 3, 12; 20=3x4x5=60. 


. the required sum = 49125433 2_2x20_ 40 
gi 33x20 60’ 
ee dS 
ee 5 5X5 
org 12° 12x5 60 
ie M_1x3_33 
=13?. 30 20x38 60° 


After a little practice the work given in smaller type may be omitted. 
Nore. If any of the given fractions are not in their lowest terms 
they should be reduced before finding the L.C.D. 
EXAMPLES V. g. (Continued.) 


Find the value of ; 
A 8 4241, 42, 3424.2, 43, 


5 
35 Oi 6a 
Peek d 1 BS itr a A 6. 207 
1 7 1 i os t Lit oe eee 
47. 39 +@5 15° 48, SOr ot 15: 49, LS SiO meer 


50. I inherit = of a business, and then purchase another + of it. 
What part of the business must I now acquire if I wish to 
possess the whole ? 


94 ARITHMETIC. [CHAP. 


116. In adding a series of fractions, some of which are mixed 
numbers, it is convenient to add the integral and fractional parts 
separately. Any improper fractions should first be expressed as 
mixed numbers. 


Exampuy 1. Find the value of 35+12+334+ 55. 
The required sum=32+12+2,5+35 First write 
~ pi de eee 7 
=34+1424+34+24+54+55 T3=21z- 
—6§4150440+105+42 Next collect the 
ie integral parts and the 
—6§ + B37 =6§+4 1137 fractional separately. 


vibe The L.C.D. =180. 
180° 
EXAMPLE 2. Find the value of 535 - 25'z- 


The L.C.D.=7x4x5=140. The integral and fractional parts are 
taken separately. 


OF py ke olin Gea 45—4 
1 


EXAMPLES V. h. 


Find the sum of 


ee ace eee ea 3 42 73 

L 35, ley rs: 2 25, 405 Fo" 3. 65, 47, liv: 
11 94 38 5 91 93 40.82 7 

4. 15 85) 30° 5. 43%) 29» 3y- 6. 39) 15 os 


Find the difference between 


7. 25 and 15. Go. 2) and 1. 9. 62 and 2°. 
10. 1; and 5. 1 Pt? and: 12, 12 and 23. 


Find the value of 


13. 224+3,+575+4. 14. 58+1,.4+32+23? 
1b, get 35 +243 4555. 16. 655 4+7454+357+153- 
7. a3+eoteatoe 1B. t+ 2s5 +831 
1. we ye te 20. 57;-25¢-a7- 

21. 82-555 374 22. Qa'e -l Se - g's. 

S800 341s ae ee 2M, Staal 
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117. In the following examples some modification of the work 
will be required before subtraction can be performed. 


EXAMPLE 1. Fond the value of (i) 1—~8,; (ii) 8 ot 


12> 16° 
Weis 75 45-7155 In (i) the unit is replaced by +3- 
Breeeeco 1 Go 7 In (ii) we take 1 unit out of 
eee 18 1 the 3 units and replace it by the 
—99_ ; > ] 16 
, 16° equivalent fraction 7%: 


EXAMPLE 2. Subtract 144 from 42. 


The L.C.D. =3 x 3 x 8=72. 


a ee Here, at the second step, as we 
=34+ 7534 : 
72 cannot subtract 33 from 16, one of 
=—9 4 72+16-33 the three units is replaced by the 
3 a equivalent fraction +3. 
es 


Nott. Before subtraction improper fractions should be replaced by 
mixed numbers. 


EXAMPLES V. k. 


(Hxamples 1-25 should be taken orally.) 
Find the value of 


1. 1-2. 2 1-3. 3 1-2. 4. 1-7 5. 1- yy. 

56, 2-4, 1, 28,4 8. 3-75 9, 12 = 58. 

aD,” 4— 2, il. 6-31. 12,5 +25 LO 

14. 10-43 1. 2-15. ©~16. 3-22 17. 23-4. 

1. 1§-7. «19. Me TG. WO, 549-8. OL 7-8. 

ae 8-2 8, 92. = AEG. 25, 10L- 12. 
Simplify 

ES: ae a ae 98, 517-27, 

. 57-25. 30, 1975-1529. 31. 21z55 - 2023. 

32. 5Af-29 33, 744-498 
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34. Read off the integers nearest to the following mixed numbers, and 
in each case state by how much the nearest integer differs from 
the mixed number : 


1 3 3 K 4 6 7 
Sa, Onn 4P og). 28 83%, lias IY 
17 19 49 
I36 Tse Uyow i've 
35. What is the excess of 34 over 24? 


36. What must be added to 3; to make the total 5 e: 


37. By how much does a4 55 fall short of unity ? 

38, By how much does 3 exceed 25-- %? 

39, Which is the greater 3} -—1% or 2- qi and by how much? 

40. How many shillings must be added to £} + £3 to make up £1? 


41, Add to 21—3+.% the smallest fraction which will make the 
result a whole number. 


42, Subtract 4+ 3 from 10. How much does the result differ from 
the nearest integer ? ‘ 


43. What fractions are represented by x in the following statements ? 


12, 


(i) 62 -w=1,5;3 (ii) a+1t- sho 


118. We conclude this section with a few harder examples of 
Addition and Subtraction. The terms may be taken in any order, 
and as before the integral and fractional parts should be dealt with 
separately. Moreover labour may often be saved by grouping 
together two or more fractions which easily combine to give a 
simple L.C.D. In this case care should be taken to adjust the 
signs when enclosing two or more terms in brackets, or combining 
them with a single vinculum. 


Exampie 1. Simplify 7-12-46. 


The expression=2- 3-2 Or thus 
2D fos The expression =(2-2)-4 
=2 (242) P ( t) 3 
a Gare ea bees 
=2- SET li -< 
5 —10_4 
=2-1¢ Ee 


oes 
II 
|v 
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Exampie 2. Simplify 8134 ao — 3yp - 255. 
ion see ea 7 : 

Bae Pression ae 15 10739 ze In the first line of work, 
an De Bee Ora after collecting the whole 
ek ox 2 numbers, the first and third 
=Z34 + 2 4 fractions have been brought 
together and the second 

=3. and fourth. 


EXAMPLES V. 1. 
Simplify the following expressions : 
lL g-atte 
3. 14-12+62. 
do. 11-33-28. 


0 > # po 
— — 
a 
| | 
es eee 
1S) 

1 eeto Hee 

| | 

=H po & 


Ze 
mats 


3 pees CR a: 
1 tr+ee— as Ty 

Le Sy Pee) Ke (Mere RE ee eye 
9. OT5 13-25 36° 10. 335 so +257 O36 


5 
[In Examples 11 and 12, group together first and third terms and 
second and fourth. ] 


EO rps IEG, 9 9 : 5 
14% 387, +-s-- QD = 455: ieee 124 —- 573413 is 


5 z ~ ie. 

2_ 98.29 138 11 Do AS Gees ee 

15. 65-35 +-4-- 133 16. 394-79 +63 +5-Pet+42 
17. Subtract +—.°- from the sum of 2, ¢ and 55. 


18. From 82 - 32 take the difference between 10°, and 542, 


[Write the expression in the form 8 - 33 — ( 1035-54 
brackets, and group the terms suitably. | 


a|a 

all 
Lem} 
(qo) 
5 
o) 
<j 
iq) 


19. By how much does 27.—s4, exceed the difference between 
lyos and 77? 

20. If I receive £25. and £12 and then spend £34 and £,'5, what 
have I left? 


91. From a purse containing £10 a man pays sums equivalent to 
£27, £4;%,, £1 How much has he left ? 


ol 


16° 
22. A, B,and C have to collect a certain sum for a charity ; if they 
collect .°-, 35, and 4+ of the whole sum respectively, what fraction of 


vy 
Ae 


the whole has still to be collected? If the whole sum is £240, what are 
the four separate sums ? 


AR. H.S. G 
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93. A owes B the following sums of money: ls. 3zd., 2s. 6xd., 


65d. and 31d. A has only shillings in his pocket, and B has only 
pence. How can they most nearly settle the matter ? 


94. The three joints of a fishing-rod measure 405 inches, 403 inches, 
and 381 inches ; and when the rod is put together 5} inches are lost by 
overlapping of the joints. Express the total length as nearly as 
possible in feet and an exact number of inches. 


95. A man left 4 of his property to his eldest son, + to his second 


son, and + to his third ; while legal and other expenses absorbed 7s 
The residue was left to a charity, which thus obtained £1200. What 
was the whole amount of the property? 


96. In a South American town of 350,000 inhabitants 2 of the 


population are of Spanish origin, = of it are Italians, zo British, 


1 1 : 
zs German, and yo are French. The rest are returned as “ various.” 
How many persons approximately are there in this last class? 


97, Prove that 


(fy CN eae _V+h xs Ch Uae 1 


eae: So) as aie 


And in each case verify your result by substituting a=2 and b=3. 


=A), 


Multiplication and Division by an Integer. 


119. Multiplication. Just as in multiplying 2 feet by 4, we 
take each foot four times, so in multiplying 2 jifteenths by 4 we 
take each fifteenth four times. 


2 2X4 8 
So that ae X4=45 =15- 
weet a axm ma 
Similarly —x<m= eee 


Hence to multiply a fraction by an integer we have only to 
multiply its numerator by that integer. 


. : 3X3 __ 9 
EXAMPLES. i) aa x s= ae =i7° 
5 Bxe 16 
= Wene 16. 27 
‘ 8 
2 
(iii) § x 16=2**4 =5 x 2=10 
: 2 ler ee 2 
(iv) ~ex5=55 =5. 


v.] MULTIPLICATION AND DIVISION BY AN INTEGER. 99 


From (iv) it is seen that when the multiplier is a factor of the 
denominator, the result of multiplication may be obtained by dividing 


the denominator by the integer. 


Thus in 7s x5=3, instead of taking each fifteenth five times, we 
may convert each fifteenth into a part five times as great, namely into 
a third. Thus 2 fifteenths x 5=2 thirds. 


Graphical illustration. Here the unit is repre- 
sented by the rectangle AB, of which the height and 
breadth are divided into 5 and 3 equal parts respec- 
tively ; so that the whole contains 15 equal squares 
representing jifteenths of the unit, 


Hence 3°5 of the unit is represented by 2 squares 
(shaded) ; and to multiply by 5 converts each of these 
squares into a column of squares, each column being 
one-third of the unit rectangle. 


That is, 2x5 =2, 


120. In multiplying a mixed number by an integer, the mixed 
number need not first be expressed as an improper fraction. 


ExamPLe. Multiply (i) 7,8. by 2; (ii) 9 


25 


aa by 6. 


(i) 35 x 2=twice 7 together with twice 5. =14+4 


D 
2 


(ii) 955 x6=9x6+34 x6=54+41=555, 


e 


121. Division by an integer. Just as 6 feet divided by 3 
gives 2 feet, so 6 sevenths divided by 3 gives 2 sevenths : 


that is, $ Sots Ores, 
Now suppose + is to be divided by 5. 


Here since we cannot divide the number of sevenths, we must 
break up each seventh into 5 equal subdivisions of which the unit 
therefore contains 35, and the given fraction 30. 


6. pei FO eee vag 
Then O35 Oe eee. 
a a: 
And generall = an ft 8 pee 
8 Ys b bx m 


Hence to divide a fraction by an integer, we either divide the 
numerator (if the numerator is a multiple of the integer) or 
multiply the denominator by the integer. 
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Graphical illustration. The second case only need be illustrated. 


To shew that $+5=35- 


Suppose the unit represented by 
a rectangle AB, whose length con- 
tains 7 equal parts (denominator), 
and breadth 5 equal parts (divisor). 
Then the unit rectangle contains 35 Y 
equal squares representing thirty- 


‘fifths. 


ee 
oo 
Z 


2 
Now + of the unit is represented by 1 column of squares, namely the 
fig. AZ. 


- £ of the unit is represented by 6 columns, namely the fig. AX 


(which contains 5 rows). 


, £25 is represented by one such row YX, which is seen to contain 


6 squares, or 6 thirty-fifths. 


That is, $+ 5=x. 


Exampie 1. Divide (i) 4 by 2; (ii) } by 5. 
(py Segue 2. ays 


EXAMPLE 2, Find the value of 3325+8. 


+t 
Bolo. 41.) Oe 
3,5 +8=7578=iexs 96 


122. When the dividend is a mixed number, and the integral 
part is greater than the divisor, we proceed as follows : 


Exampie 1. Divide 132 by 4. 
132 +4=(18+ 3)+4=(12+13)+4 
=3+4(13+4)=3+45=355. 
Exampte 2, Divide 3014 by 24, 
4 | 3012 
6 “7Bsea for remainder=14; and li+4=59= 
124... for remainder = 3,5 ; and 33,+6=22= 


Norr. We have seen that a fraction is the result of dividing one 
number by another (Art. 101). Hence in any case where the division is 
not exact, the complete quotient can be expressed as a mixed number. 


° 
“ 


Thus 20-7 =2 0 om 
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EXAMPLES V. m. 
(Examples 1-12 should be taken orally.) 


Multiply 
1, Fby2, gby2, Frby3, 3 by 5, z's by 5. 
2, zz by6, re by 4, vs by 4, g by 8, ry bys. 
3. zs by 3, 5, 10, 12, 30. 4, 34 by 4, 6, 8, 12, 24. 
5. 44 by 4, 9, 12, 18, 36. 6. as by 5, 10, 15, 50, 200. 
7. Find the value of £15 x3, 38 ft. x 8, 1,5 owt. x 6. 


8. What is the cost of 25 tons of coal at £14 a ton? 
Divide 

9. + by 2, T7 by 3, Te by 5, $ by 4, 3 by 5. 

10. by 8, ty by 8, t$ by 14, tby9, tby 14. 

ll, $f by 2, 5, 6, 15, 60. 12, 45 by 16, 24, 8, 4, 3. 


13, Explain carefully from first principles, following the argument 
of Art. 119, why 


(i) Pex7T=FF=273; (ii) x6=$=2 


And illustrate the truth of each statement from the following 
diagram. 


tol 
: 


1 2s 3 


FESS eee 


14, Use the adjoining diagram to shew 
that x 3=%. By extending the columns 
standing on the shaded squares, shew that 
“5 x 6=]12 

18 3° 


Draw similar diagrams on squared paper to illustrate 
1) 8 NE er ead 
(i) fe x43 45 (ii) Te X8=15. 


15. Explain carefully why a fraction is divided by an integer by 
multiplying its denominator by that integer. 


_ Use the adjoining diagram to illustrate the 
truth of ae Se: 
Boge 20" 


vo 
And draw on your squared paper similar 
diagrams to illustrate 


(i) $4a=ie 5 (ii) 25 - 


Dr] 
| 
w 
I| 

| ad 
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Find the value of 
16. 737. 17, 95-x8. 18. 495x961 19. 13x20. 


4 16 
20. 165+15. Ol, 148+13. 22, 9%716, 23. 20355 + 29. 


94, Write down the quotient, remainder, and complete quotient, when 
(i) 112 is divided by 9; (ii) 127 by 17; (iii) 200 by 18. 

95. If £2 is divided among 7 persons what is the share of each? 

96. What is the circumference of a wheel which revolves 10 times 
in 977 yds. ? 

yf Panes bi 73 tons of coal are carried in 19 trucks, what is the load 
carried by each ? 

98. Find the value of 18 lbs. at 775 shillings a pound. 

99, Find the total length of 100 rails, each 57 metres long. 


80. If 31 yards of cloth cost 1035 shillings, what is the cost of 
1 yard? 

31, Eleven posts are fixed at equal intervals in a straight line. 
The distance between the first and last is 1413 yards. What is the 


distance between any pair of consecutive posts? 
Given the following approximate equivalents : 
1 kilometre =2 mile ; 1 kilogram =2+ lbs. ; 
1 litre =13 pints; 1 hectare =25 acres ; 
find roughly : 


39. How many miles there are in 16 kilometres; in 22 Km.; in 
100 Km. 


33. How many pounds in 10 kilograms ; in 35 Kg.; in 73 Kg. 
84. How many pints in 26 litres ; in 42 litres ; in 100 litres. 


35. How many acres in 2 hectares ; in 100 hectares ; and by how 
much does an area of 73 hectares differ from 182 acres ? 


Multiplication by a Fraction. Compound Fractions. 


123. Fractions of Simple Quantities. In finding the value 
of a fraction of any quantity we treat the quantity just as we treat 
the wnit, when we form the given fraction. That is to say, we 
divide the quantity into the number of equal parts indicated by 
the denominator, and of these we take the number indicated by 
the numerator. 
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Exampie. Find the value of (i) 4 of £45; (ii) = of 3 inches. 
(i) One ninth of £45=£45+9=£5 ; 


‘Coinths: 6. SiO 1 = ou. 
Or % of £45= etext poor 
(ii) = of 3 inches=(3 + 8) inches=% inch ; 
ee Mere: = 25> inches=14 inches. 
Similarly ; of m=" . 


Graphical illustration. To prove that ® of 3 inches= 12 inches. 


Take a line AB 3 inches long. Divide AB into 8 equal parts, and 
also divide each inch into 8 equal parts. (The former of these 
subdivisions are shewn by the figures below the line, while the figures 
above the line shew the subdivisions of the second inch.) 


Then AB must contain 24 eighths of 1 inch ; 
. each eighth of AB contains 8 eighths of 1 inch. 


Accordingly, AP, representing 5 eighths of AB, contains 15 eighths of 
1 inch, or, as is seen from the diagram, lg inch. 


That is, 2 of 3 inches=1% inch. 


EXAMPLES V. n. 
(Lxamples 1-6 should be taken orally.) 
Read off the values of 
+ of £20; # of £20; $ of £15; + of £15. 
& of 18 cwt.; 2 of 18 cwt.; zo of 50 Km.; qo of 50 Km. 
4 of 5yds.; 2of5yds.; + of £8; +4 of £8. 
zo of 15 franes ; 75 of 15 fr.; zo of 15 fr. ; zo of 15 fr. 


1 


1 
=z of 20 inches ; +5 of 20in.; 75 of 20in.; +4 of 3 in. 


I 2 
15 of £4; 24 of 6cwt.; lf of 1OKm.; 12 of 12 ft. 


Pee aos. 
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7, Draw a line 3 inches long. Divide it into 4 equal parts, and 
also each inch into 4 equal parts. Hence shew that 


7 big 
¢ of 3=2 of 1. 
4 
3 
Shew how the same conclusion may be 


drawn from the adjoining diagram. [Let each 2 
column represent the unit. | 


1 2 3 


8. Draw on squared paper rectangular diagrams (as in Ex. 7) to 
illustrate the following : 


(i) 20f5=12. (ii) | 


oo 
2) 
eh 
a 
I| 

! 
Hi) 


Find the value of 
9, Ze of 244. 10, 4,8, 0f 21. 11. 68 0f 100. 12, 82 of 40. 


eet, SR ws) sl alle Be 
13. Simplify (i) e Of ery) 7 of nx; (iii) iz of ac. 


14. I am entitled to 7% of the proceeds of a business making an 


average annual profit of £9325. What is my income from this source? 


15. A man leaves 3 of his estate to his son and the rest to his 
daughter. The estate is worth £5650. What is the daughter’s share 
worth ? 


16. A railway 896 kilometres in length is under construction. 


i : ade 3 : 
When 7¢ of the distance is in running order, how many kilometres 
remain to complete the work ? 


17, A firm’s capital consists of 12 shares, of which I possess 7. 
Out of this property I give my son £2500. If the whole capital is 
worth £30,000, how much remains to me? 


18. A steamer whose bunkers carry 1620 tons of coal, burns +2 
of this amount on a passage. For how many more days could she run, 
burning 90 tons a day? 


19, A firm’s profits for the year are £10,043. Of this sum the 


. 4 5 . 2 . 
senior partner takes 77, the second 77, and the third 77. The rest is 
_ added to the reserve fund. How much does each partner get, and 
how much goes to the reserve ? 


20. On discharging a cargo of West Indian oranges, it was found 


that 2 had gone bad on the passage. The rest made a profit of 


2 shillings per hundred oranges. What profit was made on a con- 
signment of 12,000 ? 
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124. Multiplication by a Fraction. We have now to ascertain 
in what sense we are to understand multiplication by a fraction. 
When we multiply £5 by 4, we give to each unit in the multiplier 
(4) the value of the multiplicand (£5). Thus £5x4 may be 
expressed by the words 4 of £5. In this sense we may interpret 
£5 multiplied by ¢, or £5 x , as meaning + of £5. 
a 


And generally we accept m x 7; as meaning of m. 


91 
Thus (i) 728 miles x +1 —11 of 728 miles=728*11 — 500} miles. 


: 
‘ (ii) 68 tons x 42 =42 of 68 tons=£8*%5°9 —9913 tons. 
125. A Fraction of a Fraction. To find the value of + of a 


unit we divide the unit by 5 and multiply the result by 4. 


Similarly, to find the value of 2 of 2 we divide 2 by 5, and 


multiply the result by 4. 


The first operation gives 2x 4 


REE 3Bx5° 
Now we have seen that multiplying any quantity by # is the 
same as taking $ of that quantity ; 


and the second gives 


tae Bye dai eae aaa oe 

that is, 5 Xe pl a ace: 
atte a it 1 aa Earn 
Similarly % of == 


bt he AO Reo: 
Multiplication of Fractions. Hence to multiply two fractions, 
we multiply the numerators together to form the numerator of the 


product, and multiply the denominators together to form the 
denominator of the product. 


126. An expression like 4 of 4 is called a compound fraction, 


while = of unity is a simple fraction. 
The result of the last article may be obtained graphically as follows. 


Let the fig. ABCD be taken as the unit. It consists of 3 columns 


such as AEFD, each containing 5 squares. Thus the unit consists of 
15 squares. 


The fig. AEFD represents 4, and AGHD repre- A_E G@ B 
sents $ of the unit. 
Now + of $=the row AGKL; 
. £of 5 =4 of such rows 
=the fig. AGMN 
=8 squares 
=7°5 of the unit. 


' “ 
That is, : OF 2 = 8. = 2x4, 
3 
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ExampLe 1. Multiply 2° by 24. 


2 
2OXi-6_ 4X2 § 


The Product = sexa6 BX =37" 
oO 


EXAMPLE 2, Find the value of 23%; x 5. 


2.9 


Be ce ae 
The product = 77 X g=s3% 
” 


bo 


5 : 
Here we first express 27°; as an improper fraction. 


After removing the factors 7 and 33 from numerator and denomi- 
nator the resulting numerator is 1. 


Note. It is a common mistake for beginners to overlook the unit 
numerator and to carelessly write down the result as 2 x 2, or 4. 


EXaMpLe 3. Find the value of 74x 7°, of 237%. 


a 
_St, & Se 
The product ==> x =] x f= 
eo 
eas 


Here we first replace ‘of’ by the sign x ; 19 divides 57 and 76, 
leaving quotients 3 and 4; the 3 and 5 in numerator cancel with 
15 in the denominator, and the 8 and 4 in denominator cancel with 32 
in numerator. The only factors in numerator and denominator now 
left are units, which are not expressed. Thus the product is 1. 


Norr. When all the factors of numerator and denominator cancel 
each other, it is a common mistake with beginners to give the result 


as 0. If the unit factors were expressed, the result would be 
ae which of course cannot be zero. A little reflection will shew 
that the result of such a multiplication can never be zero. 


127. When the product of two numbers is unity each is called 
the reciprocal of the other. 


Thus 3 and 8 are reciprocals, for 2 x 3=1; 
vo oO v 
GS. and iy .oeeeecesceeoeees »for 72x 4~=1. 


To obtain the reciprocal of any fraction we have simply to make 
numerator and denominator change places. 


\ 
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EXAMPLES V. p. 


MULTIPLICATION OF FRACTIONS, 


(Hxamples 1-11 should be taken orally.) 


Read off the values of the following : 


1, £25x 3%; 56 feetx1$; 40 tons x 23; 


Fig. 1. 


2. 


represents 
of 


of 


ys Gi); 


(v) $ of 73 


(iii) 
(vi) 


co Oe 


B 


(iv) 


43 (vii) 


21 litres x 12. 


D 
» 4 
A Y 
Fia. 2. 


of 
of 


Read off the following products in their lowest terms : 


3. 3 of + 3 Of 7 + of 5 EX; 3x. 
A ese SOE TS, GX, fof fey or of 34 
5. 17 of TD ts Xz a of = BT X35 5S of =o" 
Read off the values of the following : 
6. ¢ of Z of £24; ¥ of = of 30 cwt.; > Of + of 72 miles. 
7 10 yardsx#x23; 10} tonsx2x5; 124 feet x $x 4. 
Read off the reciprocals of 
8. ty 13, 3 5, 25, 45> 2 les. 
9, Multiply £3 by the reciprocals of 2, 3, 4, 8, 12. 
10. Multiply the reciprocals of 4, 4, 4, 7s by 36 
Read off in their simplest form the values of 
Lieto wD ie eas -¢ s of =; Cee 
b y a m bx b On 
12, Draw on squared paper a rectangular diagram to illustrate the 
_ following : 
Gi) $otB=yy. (i) FoeZ=Fotd. Gil) of F=3 


Z 


Taking in turn the whole line in Fig. 1 and the whole rectangle 
in Fig. 2, to represent the unit, point out in each figure what 
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Illustrate the following identities by means of diagrams drawn on 
squared paper. 


agi ky * Wane 
13. (i) $x$=y5. (ii) $x 3=2. (iii) 3+ 3=5. 
. 5 _ 20 Sout Weak Ren 
14, (i) 2 x 3 es 58, (ii) 6 =$? (iii) Hs, = 6. Dos 
s F 5 ss aS Aa ae 
15. (i) 7xea15, (ii) 2 of 1g=1, (iii) $xs=l. 


16. Prove from first principles (following the reasoning of Art. 125) 
that = of 65 =12. ; 


Find the value of 


17.51 62 of 137... ° 18, . 24, mag, 19. 133 of 1,4. 
20. 98%x99. OL 8x18x85 9p) 1258 of 28 
23, 3 of 4,1, x 48, 24. 2?x 4x 19h. 

25. 7% of 7°; of 474. 26. 54, of 43 of £15. 

27. 55% miles x 12x 12, 28. 147 ewt. x 2,4, x 3x22. 
ene ss 2 Bee xe x2 


ge wah’ 12 am” 15 
31. Given that 1 kilometre=3% mile (nearly), find roughly the number 
of miles in (i) 173 Km.; (ii) 274 Km.; (iii) 1022 Km. 


32. Taking 24 lbs. as a rough equivalent of 1 kilogram, estimate 
the number of pounds in (i) 124 Kg. ; (ii) 18$ Kg. ; (iii) 4, of a quintal 
(100 kilograms). 

Find the value of 

33. 45/5 tons of coal at 184 shillings per ton. 

34, 42 yards of cloth at 3s. 4d. per yard. 


35. 145 cwt. of copper at £5. 5s. per ewt. 


36. A Captain’s regimental pay (Royal Artillery) is 33 of a Major’s 
pay ; and a Major’s is $ of a Colonel’s. A Colonel draws 18 shillings a 
day. What does a Captain draw ? 


87. A’s age is 2 of B’s, and B’s age is + of C’s; while M’s age is 


equal to the united ages of A, B, and C. If C is 15, how old are 
A and M? 


38, The value of an estate is gradually declining in such a way that 


at the end of each year it is worth only 2 of its value at the beginning. 
It was worth £12,000 in January 1905. What was it worth in 
December 1906 ? 
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39, The length and breadth of a room appear on measurement with 
a foot-rule to be 24 feet and 20 feet respectively ; but it is found that 


each foot of the rule is 74¢ foot too short. What are the real dimen- 
sions of the room? Had the foot-rule been too dong by the same 
amount, what would the dimensions have appeared to be? 


40, If +5 of a stick is cut off, and then 7s of the remainder, what 
fraction of the whole is left ? 


41, To reach a certain town a man travels +3 of the distance by 


train, 72; of the remainder by coach, and the rest on foot. What 
fraction of the whole distance does he walk ? 


42. Asum of £2. 8s. is divided among four persons ; the first having 


37; the second 77 of the remainder ; and the third 4 of the sum still 
remaining. Find the share of the fourth. 


Division by a Fraction. 


128. When a quantity a is divided by the quantity 6, the 
quotient is defined to be that which when multiplied by 0b 


_ produces a. This operation of division is denoted by a+b, 5 or 
a/b; where a is the dividend, and 6 the divisor. 


Division is thus the inverse of multiplication, and | 
(a+b)xb=a. 
This statement may also be expressed verbally as follows : 


quotient x divisor = dividend. 


129. To divide any quantity P (integral or fractional) by %. 
We have quotient x 2 = dividend 

=P. 
Multiplying both sides by 3, 


2 


quotient x$x2=Px2; 


but 2x3=1; 
oO “ 


“. quotient =P x 3, 
3 
that is, P+3=PXo5. 
Also 3 is the reciprocal of the given divisor 2 ; hence to divide by 
a fraction, multiply by its reciprocal. 
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We may arrive at the same rule another way. Suppose, as 
before, it is required to divide P by 2. 


2) 


Now since 3 is one-third of 2, if we were to divide by 2, our 
divisor would be 3 times too great, and consequently our quotient 
3 times too small. Hence to get the correct quotient we divide by 
the numerator 2 and multiply by the denominator 3. 


That is, P+5=Px 3. 
And generall peete fy 
8 ys see n Gi; 


Exampir. Divide (i) #3 by 7; (ii) 16 by 33. 
(ii) 16+32=16+44 


a 28" 2 > 
‘ 2 
es 2 (ey LT 
Bit =i) Xaar eee 
3 
: a 5b 6b ee ek 
Norte. Since 1 ripe X= 7» we see that when unity is divided by a 


fraction the quotient is the reciprocal of that fraction. 


EXAMPLES V. q. 
(Hxamples 1-10 should be taken orally.) 


pe: B 


1. In the adjoining diagram 
each of the rectangles AB, BC 
represents the unit. Use the 
diagram to illustrate 


Read off the quotients in the following divisions : 


2 2:4; $22; Teegeeee, 328 

& 38735; 34%; 3495 322; 5+5. 

4, Ee 2+; aes ae 4573 33 +23. 
5, How often is $d. contained in 74d. ? 

6. How many times does 74 ft. contain 6 inches ? 
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7. How often does 33 tons contain 1? tons? 


8. The circumference of a wheel is 22 metres in length; how 
many times will it revolve in running 30 metres? 


9. How many carts, each containing 33 tons, will be required to 
carry 27 tons? 


10. How many strips of cloth, 3 yd. in length, can be cut from 
15 yds. ? And how many 24 yds. long from 21 yds.? 


11. Illustrate the following results by means of divided lines or 
rectangles drawn on squared paper. 


G@)g+e=4 (i) 4+1$=3. (ii) $+8=8. (iv) 24+11=138. 
12, Following the argument of Art. 129, prove that 
. 44 Y 
a+-=ax%. 
y ae 


Find the value of 


IS 21>1j. M4. 33-278. 1b. 42272. 16. 1482115. 

MT greet «(«18. «(14553+3%. 19. 85564. 20. 482122. 
af oes aed ee Ome 

2A; Ma <a b Vad y D n ay y ° NX, 24. b . mb 


25. By what fraction must 4% be multiplied to give the product 44! 

26. By what mixed number must 44755 be divided to give the 
quotient 15? _ 

97, How many times is 4} of wi contained in 15? 

98. Divide 105 by the product of 24> and 2+. 

Given the following approximate equivalents : 

1 kilometre=% mile ; 1 metre = 39% inches ; 

1 kilogram =2+ Ibs. ; 1 litre =1% pints ; 
find roughly the value of 
29, ~=(i) 1 mile in Km. 


(iii) 100 miles in Km. 


(ii) 1 mile in metres. 


(iv) 1 yard in metres. 


(v). 1 inch in centimetres, 
30. (i) 1 lb. in Kg. 
(111) 1 pint in litres. 


(v) 55 Kg. in lbs. 


(vi) 147 feet in metres. 
(ii). 1 ewt. in Kg. 
(iv) 1 gallon in litres. 


(vi) 1 kilolitre in gallons. ’ 


And (vii) find the number of grains in 1 gram, having given 


1 1b. =7000 grains. 
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Combined Processes. Complex Fractions. 


130. When several fractions are connected by the signs +, —, 
xX, +, Some care is needed as to the order of operations. To avoid 
confusion it is agreed that : 


(i) Operations of multiplication and division must be performed in 
order from left to right. 

(ii) Al/ operations of multiplication and division must be performed 
before those of addition and subtraction. 


Note. In all cases an expression within brackets must be regarded 
as a single quantity. A sign preceding a bracket operates upon the 
enclosed expression taken as a whole. 


EXAMPLE 1. Simplify the following expressions: 


A Ae Son 6 7 
(i) 2x$+13; (ii) 2+2x14; (iii) 2+ of 14. 
+) eae renee tate 9 2 
(i) ¢X7Flg=3x7Xg=s55 
25). ate ae eam he arena tag 
Qi) s+ 7X lg=sxexz-as3 


(iii) Here the sign ‘‘of” connects the fractions * and lz, and the 


expression 7 of 13 must be regarded as a single quantity. 


ae) 6, 4\ 2 eee 
Thus 37 of 1Z=5+(7% §) =34 7 =F % $= a0- 
In cases like this the use of brackets is recommended. The sign ‘ of” 
between two quantities invariably has the same effect as if they were 
enclosed in brackets. ° 


ee at S 7 _o1l py lone 
EXAMPLE 2. Simplify 135 of = -2754+143+75%. 


Here the expression must be regarded as consisting of three terms 
separated by the signs — and +, each term being first reduced by 
itself. 


Using brackets we have 


3 2 9 4 
the expression = (= x 35) x Qi ae (= ws =e) 
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EXAMPLES V. r. 
Simplify the following expressions : 

1 3$x2+h. 2 BET EX Fe 3. 35+ of i. 

4, 3i4221 5. ghs241 Get a2 of 2, 

7 3h+(242) 8 shof(2+2). 9, 834x242, 
10. 44-3of 1. 1, 44 of 8-1, 12, 44-321, 

AS, gt 9, 14, (46+2)x2. 15, 444 (8x2), 
16. (34+8)x (+8). VW. Btbxdeyk 
a9. 24S ek 19. ($4+3)+(8-+2). 
20. (q's a7) +85. 21. (+) of (817-534). 

22. (5a'g — Lig) + (65 - 48). 23, (35x 45) + (25-3) x (33 - 4). 

2. (2+3)($-7)+(G- 4) 25. (yy +3)+(3-5)x (5+ 4). 
' Find the value of 
26. stg of s5+q7 of SS. 27. q's of 135 + 27'y — ap Of Lys. 
28. 5} of 44-31+5,-13. 29, 2%+4 of 34 of 3-214 5 
30. fost; of 12-75 of 32+82, 
31, Divide (24-12)(44+3,3,) by 2,3, - 14. 
32, Find the difference_between 21 +61 of 13 and 25x 32+1 is 
33. Subtract 2+ of 93 - 551, from 1% of (92 - 5,1). 

If a=2, b=3, c=4, find the value of 
ee $5 4 ek 36, 22S, 
a7, % 0.6 gg, (4+d)(b+e)(e+a) gq (a2 +1)(02 +1) 

Dea a+b+c . c?—] 
AR. H.S H 
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131. Complex Fractions. A fraction which has a fraction in 
numerator or denominator or both is called a complex fraction. 


5 7 2 2 2+4 
4 
Thus a 3 i 3 Be aby 


are complex fractions. The thicker nas is used to distinguish the 
numerator and denominator clearly. For convenience of printing 
such fractions are sometimes written 


3/4, 7/3, 3/3, 23/8e (25+%)/(3—19), 
where the numerator and denominator are separated by a slanting 
line. It will be noticed that in the last case both numerator and 
denominator must be enclosed in brackets. 


Since a fraction has been defined as the result of dividing the 
numerator by the denominator, the simplification of complex | 
fractions depends upon principles ‘already explained. 


5 5 - 
Exameie 1. Simplify (i) = fap daa 
6 4 


5B 3 

(i) First Method. sP=28 = 35 = See 

(i) Second Method. Multiply the numerator and denominator by 24 
the L.C.M. of the denominators 8 and 6. 


De Lg BS ea 
“3 48+15_ 63 
Then SLs i 6 


(ii) Using the second mia we multiply numerator and denomi- 
nator by 12, which is the L.C. M. of 6, 2, 3, and 4. 


Thus the fraction = eet slat 7 8 =12 2 


Nort. The second method is Pails to be preferred, but it can 
only be used (i) when the complex fraction consists of a single fraction 
(or integer) in numerator and denominator ; (ii) when the fractions in 
numerator and denominator are connected solely by the signs + and — 


. te aoe Heme 33-43 
EXAMPLE 2. Simplify (i) ——; ii) -——. 
371g 15 <lg of of 
Here we must use the first nee in each case. 
(i) N umerator == x = eas *—4, Denominator = 22 x +¥=4 


“. the whole fraction=+=1. 


, 
nae 9 wf, 
(ii) Numerator =32534=921-11 =910 93. 
Denominator = ce x ee 5 x a =F 
*. the whole fraction = 26+ ey S82. 


3 6 
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EXAMPLES V. s. 
(Haamples 1-15 may be taken orally.) 


1. Read off in the simplest form the values of the following fractions: 


Weick 2) oe eee 2 ge Bek 
2 e; 2 2 9? 3” 9” 3) 2 om 
Simplify 
2 1 IZ Bh 
ae Sates: dries. Be ae gets 
12. vat 3 pe 4i 
che 4/4 8. 1/8 9, 2/8 10... lg lee ede sa 
A-1 $1 4-1 13+14 
Vales 13, See ie se S15, 
ats 53 ate 25+ 
Find the value of 
. 3 Soy cD 53. 4_3 
ee 17. ee eae 19, Ee 
ats 71S 35-7 ae 
BEor. Tee gh 12 fob late 
20. TGs yA 168° 22. ie T as: ton 
152 4ae3 37 x 25 105 ~27 
94 14x 4% 95 ap of 84 96 ly , 21k 97 1¢+14 
eR Br, 5 “(eee a eno as aay ae Joe) 
|: es 4 16 2 3 15 10 
pe state ree Ok gue a 
2414 12 eae 62. Bite ee 
a) -s3-5t¢, 1 39 2a tt 35. 1 
ee 2 423 Sora Leroi + GS Sr RP ES SE Rf 
3 AUS 3 5 it 19 


3 
(Lor Hxamples in Continued Fractions see page 409.) 


Fractional Equations. 


132. The principles of fractions will now be applied to solving 
certain types of equations of special use in Arithmetic. 
ExamMPLe 1. Find the value of « which satisfies 
A See sy ERD Ores © ae 
(1) zal. (11)-= ===, (111) an ls 


Our object is to detach the unknown quantity from the fraction 
in which it occurs. This we may do by Axioms 3 and 4 of Art. 62. 
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(i) In == 13, we multiply both sides by 7; 


7 
this gives 5X T=12x73 
or = 72,1 =]]1, 
. 4 5x hs 5 
(ii) In a= Gq we divide both sides by 5; 
pes 4 2 
this gives B76 


If now we multiply both sides by 6, 
we have aS =o ; or 2= 218, 
These steps may easily be taken together and performed mentally. 


(iii) In a 12, we multiply both sides by 3. ; 


3x 
this gives 14=4 x 3z. 
Then in one step divide both sides by 7x 3, and multiply by 5; 
and we have a=4t =38, 


. 3u-4 
EXAMPLE 2. Solve the equation “3 pe —o 


First clear the equation of fractions. To do this, multiply both sides 
by 30, namely the L.C.D. Then we have 


(“5+ x30) +(F x30) =12 x30, 


5 2 
or (3x —4)x6+5x2x15=19x2; 
that is, 18% —- 24+ 75x=38 ; 
hence 93%=62 3 
ae 


EXAMPLES V. t. 
(Hxamples 1-6 should be taken orally.) 


Read off the values of x which satisfy the following statements : 
L. 5220 On)o7 = 45 = (il) dba=4; (Gy) Sa =12. 


(i) "35=7as (yr, 2): (ill) “O= Jace (iv) 7a=34. 
(1) 6733 (11) Cae: (111) 4=53 (iv) ear tf 
Ree rs ae | same | ot oe : Bs ie 
$US gat ae a3 5 ts CONE irae 
5; (eee ii) 3u=; (iii) 2-30; (iv) 3e=14 
1) 8@= 73 (11 oe =F 3 Wl) 7=38x; x=I1¢5- 
6. (i) 5e=1$; (ii) 7a=12; ~— (iii) Tw=2%; (iv) BE =4e. 


Vv. | 


FRACTIONAL EQUATIONS. ua Ly, 


Find the value of x in each of the following equations : 


e 3. a see eee Dae 
ho AL) 4-73 (11) B53 (111) gals (iv) la i 
MAES 5 gts B28 Phew (Ones 
8 i) G=ys (Gages Gi) eat, iy) Bz Ss 
ov ketene a ga a Pea ess, : a) 
ge (a) ope (11) sey, (111) pig (iv) orcas 
ee fn 16. | |. ARON 5) 
10. (i) an aN (13) 3227? (111) TROY ft (iv) 97 = 3x" 
Solve the following equations 
ee x 2 
; ue 919-5. 1h Bday 
13, «=5+6. 14, w-5=3, 
15. 2-5=42—«, 16. 2(7-2)=2n-4, 
2e+3_ etl. w=) 
WA 5 54 18. nee pet 
3x-11 «x 
19. TO 57) 20. 1(8x%-1)+2x=2, 
21. What number increased by one-third of itself gives 20? 


22. 
23. 


24 
25. 
26. 
27 


28. 


What number falls short of 20 by one-fourth of itself ? 

Hind the number one-third of which exceeds its fifth part by 2. 
From the condition 4 of $ of x= 13, find x. 

Find x from the condition x x 2=94 of 2. 

Divide 50 into two parts such that one may be # of the other. 
The sum of two numbers is 28 ; their difference is 6. Find them. 


A and B have 20 shillings between them. If A gives one-third 


of his share to B, then B will have as much as A had to start with. 
Find their original shares. 


29, 
30. 


If aed, find « when m=7, n=2, p=2). 


If a=6, b=4, c=7, find the value of x when 
Bx abe | alr 


i) Oe (ii) Tee (1i1) 


O18 


=a+b6+e. 


CHAPTER VI. 


FRACTIONS CONTINUED. COMPOUND QUANTITIES. 


133. Fractions of Concrete Quantities. The method of 
finding the value of a fraction of a concrete quantity will be 


seen from 


the following examples. 


Exampie 1. Find the value of (i) 7 of £7; (ii) 25%; of 5 tons. 


(1) 


E Pe doe MPa e 
1644 ie Yo Here the unit is £7, and by 
4) dee Dr the definition of a fraction we 


0 
0 
ee) have to divide this into 16 equal 
3 parts and take 3 of them. 
3 


Or we may Bs. as follows : 


Thus 7 


— 621 — 5 
5 
5 DX 2 Det gels 
oa re 3: = 78. = 678 


@ of £7 =£1. 63. 3d. 


(ii) Adopting the second method, we have 


2.3. of 5 tons=5 tons x 2,°;=10 tons+5 tons x Bes 


Thus 33 0 


28 
5 


4 
8 gr. ="=* Ibs. = 24 lbs. 
of 5 tons=10 tons 10 ewt. 2 qrs. 24 Ibs, 
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EXxaMPLe 2. Find the value of 3° of £3. 18s. 7d. 
3g of £3. 138. 7d.=£38. 183. 7d. x3e. 


Hence we have to multiply £3. 13s. 7d. by 3 and by 8, and add 
the results. 


First method. 


2 ORE Fah 
8/3. 18.8 
9. 22=4 of the multiplicand 
5 
-2. 5. 1lg= of the multiplicand 
: 11. 0. 9 =the multiplicand x 3 
13. 6. 82£=38 of the multiplicand. 


Second Method. When the proper fraction in the multiplier can be 
split up into the sum of two or more fractions with wnit numerators the 
following arrangement is the most convenient. 


Sis stats 
Sj hae Some 
8 ed oe 
3, 
1] Ong 
+ . 16. 95=% of the multiplicand 
dL 9. ge—4 of the multiplicand 
[3 copes 


Since $= of 4, the simplest way of taking $ of the multiplicand is 
to take + of the result in the previous line. 


EXAMPLE 3. Divide 4 tons 16 cwt. 3 qrs. by ar. 


4 tons 16 cwt. 3 qrs. +, =4 tons 16 ewt. 3 qrs. x 42 


ae 
Now 4'=55=6-1; hence we may multiply 4 tons 16 ewt. 3 qrs. 
by 6 and subtract $ of 4 tons 16 cwt. 3 qrs. from the result. 


tons cwt. qrs. 


yaa Cs pk 
6 
P43 seemed 1 By ify 
subtract + 12 


; 0s=% of 4 tons 16 cwt. 3 qrs. 
8%. 8.1% 


Nott. When the divisor is a mixed number it must first be written 
in the form of an improper fraction. 
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EXAMPLE 4. Find the value of 
7°; of 16s. 6d. +14 of 7s. 6d. +7 of 1 guinea. 
Here it will be best to bring all the sums of money to the same 
denomination ; the most convenient unit is sixpence. 
The required value = (4 x 33 +2 x45 +2 x 42) sixpences 
=(9+27+ 30) sixpences 
= 66 sixpences=£1. 13s. 


EXAMPLES VI. a. 
(Hxamples 1-4 may be taken orally.) 

Express in shillings and pence the following fractions of £1 : 
1, £35 £65 £93 ffy5 fie; £55 £35 £5. 

[These values are important, and should be committed to memory. } 
9. i. of 2s. 6d.; 4 of 7s. 6d.; % of 5s.; 2 OT EA: 3 of £1; 

Find the value of 
3, toflyd.; 7s of lyd.; 7x of 1 ton 4 ewt.; 2 of 1 ton. 


4, t£of2qts. 1 pt.; Zof 3 qts. 1 pt.; zz of 1 gal. 3 qts. 
Find the value of 


Hite of 2s. 3d. 6. «77 of 18s. 4d. 7. zz of £2. 10s. 

8. xs of £4. 18s. 9, 42 of £6. 5s. 10. ws of £4. ls. 4d. 
ll. 75 of £4. 12. 35's of 6 tons. 13. 7s of 5 guineas. 
14, lz% of 8 yds. 15. $¢ of £12. 16. 22 of 18 ewt. 

17. 5% of £11. 7s. 8d. 18, 22 of £3. 7s. 2d. 

19, 1 ton 7 cwt. 3 qrs. x 53. 20. £4. 3s. 8d. +3. 

91, 34 of £9. 6s. 4d. 2207 Vac. 318) pes 14. 

23, 54/5 of £24. 11s. Od. 24, 2cwt. 3 qrs. 8 lbs. +14. 
Find the value of 

25. 2 of 3s. 6d. +5 of 5s. 6d. 26. = of 3 guineas +54, of 16s. 6d. 

27. 12 of 7 ft. 6 in. - 2 of 5 yds. 1 ft. 

28, 5%, of 1 mi. - ;5, of 1 fur. 29, 3,'5 of 5s. 3d. +254, of 4s. 7d. 

30. 1,5, of 3 fur. + 3 of 11 yds. 1 ft. 


31. 7 of 1 cwt. +53, of 1 qr. 24 Ibs. + 22 of 12 Ibs. 
82. 44 of 54 of £1. 6s. 8d. +35 of £2. 12s. 6d. +; of £1. 16s. 
33. 12 of {'; of 10s. - 2 of 1} of 1 florin ++ of £1. 18s. 6d. 


VI. ] ‘ RATIO. V1 


134. To express one concrete quantity as the fraction of 
another of the same kind. If we have to find how many times 
one concrete quantity contains another of the same kind we divide 
the first by the second, and by the principles of quotition (Art. 17) 
the result is an abstract number. Similarly in the present case 
we divide the first quantity by the second, after expressing them 
in terms of the same unit; the result is an abstract fraction. 


EXAMPLE 1. Haxpress 2s. 1d. as a fraction of 6s. 8d. 
Express both sums in pence, then 
the required fraction =25 = 5," 
EXAMPLE 2. Hapress . 
‘ 2 tons 5 cwt. as a fraction of 4 tons 14 cwt. 2 qrs. 
The most convenient common unit is the quarter. 


2 tons 5 ewt. _ 180 qrs. 


4 tons 14 cwt. 2 qrs. 378 qrs. 
ASO L207. 10 


a 4b re i 
EXAMPLE 3. What fraction is £2. 12s. 6d. of £3. 3s. 4d. ? 


£2, 128. 6d, £23 
COLOR A: eee 


=25+31=41 x 5 = 63 


The required fraction= 


The required fraction= 


Notg. There will often be a saving of labour if the highest possible 
denomination can be readily chosen as a common unit. 


135. Ratio is the relation which one quantity bears to another 
of the same kind, the comparison being made by considering what 
multiple, part, or parts the first is of the second. Thus the ratio 
of one quantity to another is measured by the fraction which the 
Jirst is of the second. 

Thus, from the preceding examples, 

2s. ld. 5 


the ratio of 2s. ld. to 6s. 8d. = nF ea 1 ; 


; _ £2. 128. 6d. 63 
the ratio of £2. 12s. 6d. to £3. 3s. 4d. = £3. 38, 4d. 776 


136. The ratio of two quantities A and B, of the same kind, is 


usually written A: B. Thus 2 and A: B have the same meaning. 


Since a ratio expresses the nwmber of times (whole or fractional) 
that one quantity contains another, every ratio is an abstract number, 
either whole or fractional. 

Thus from Art. 135 (where for convenience we worked in pence), the 


ratio of 2s. 1d. to 6s. 8d. =+%, (not 5°, of a penny). 
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Exampue. Jind the ratio of 3 qrs. 7 lbs. to 2 ewt. 1 qr. 8 lbs. 
We may conveniently express each quantity in quarters ; 


3qrs. 7Ibs. _ 37 qr. 


then the required ratio= cowk Lane eee 92 ar 


13 468 Cae eee 


I i Pe hi | “6s 20° 
Thus the ratio is 7 : 20. 


137. Four quantities are said to be directly proportional 
when the ratio of the first to the second is equal to that of the 
third to the fourth. 

Thus a, b, c, d are in direct proportion if 

a ¢ 
bod 

The word ‘direct’ is usually omitted. 


Or a Denies 


EXAMPLE. The quantities 3s. 6d., 10s., 2 yds. 1 ft., 6 yds. 2 ft. 
are proportional, for 


i 
the ratio of 3s. 6d. to 10s. a MEE a 
16.5." 
ES a 
and the ratio of 2 yds. 1 ft. to 6 yds. 2 ft. = 62-20" 


rs) 
v 


Ratio and Proportion will be more fully discussed in a later 
chapter. 


EXAMPLES VI. b. 
(Hxamples 1-5 may be taken orally.) 

Express as fractions of £1: 

L..« 48.3 2eGdes 7.60.3. 128. 6d.; V7s.-6d- 

9. 33s, 405; OseSdey l3s.-4d:;: 1s, 30.3" scam. 

3. 88: 90.3 38: Gd. 3-58. Sd. 11s. 3di3>188.400 
Express as fractions of 1 ton: 

4, 4cwt.; 5cewt.; 7cwt.; l cwt. l qr.; 3 cwt. 2 qrs. 
Express as fractions of 1 yard : 

5, Q4t. seb tty Gunis 6 ins 10 inv 2h eee 
Express in lowest terms : | 

6. 7s. 4d. as a fraction of £2. 

7. UE BE eames.) £11. 5s, 
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Express in lowest terms : 


3. “ds2Gd; as a fraction of £3. 

ics FR Ee Se ius ccs bei-s> cos £4. 4s. 
TiRED IRS | os a ae a 3 qrs. 7 lbs. 
UD ROMBRIAFONM Graves seen sa ser ece en's uct 7 tons. 
1 DARE aa) See SR aR ore 
19 EL I 5 guineas. 
1 a a a ON 18s. 9d. 
I EO ng ICS ina ee A 1 mile, 
(RRS CS a 1s. 08d. 
bP tO COA ORM ds Nuns Suess ook oh 9 tons 18 cwt. 
18. 2s. 11d. 19 £3. 6s. 9 7 ewt. 242 yds. 


5s. 3d. ede |. 38; * 3 tons 10 cwt. Merl Mio tur, 


a What fraction of £1. 15s. is £1. 6s. 3d.? 

23. Express 3 tons 12 cwt. 2 qrs. as a fraction of 2 tons. 
94, Reduce 4 m. 76 cm. to the fraction of 5 m. 44 em. 

25. What fraction is 2 Km. 508 m. of 3 Km. 36 m.? 

26. Express 35 sq. yds. 8 sq. ft. as a fraction of 68 sq. yds. 


2 
* 


27. Reduce = of £1. 17s. 6d. to the fraction of * of £6. 15s. 


Express as fractions in their lowest terms the following ratios : 
98, £1. 8s. to £6: 6s. 29. £12. 10s. to £18. 15s. 


30. 152 oz. to 1 Ib. 14 oz. 31. 1 mi. 484 yds. to 2 mi. 


32. Shew that 4d., 53d., 5 yds. 1 ft., 7 yds. 2 ft. are proportionals. 

33. If x lbs., 1 qr., 5s. 3d., £3. 13s. 6d. are in proportion, find x. 

34, A has a yearly salary of £200 and spends 2 of it; B is paid at 
the rate of £12 a month and spends ¢ of what he earns, What is the 
ratio of their savings at the end of the year? 


35. If 7's of a guinea be taken from qx of 2 of £15, what fraction 
of £3. 9s. will remain ? 


138. Ratios as Percentages. Since a ratio can always be 
expressed as a fraction, when two or more ratios have to be 
compared the equivalent fractions must be reduced to a common 
denominator (Art. 111), In all such cases the common denominator 
most convenient as a general standard of comparison is 100, - 
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A fraction expressed with 100 as its denominator is called a 
percentage, and the numerator of the fraction is called the 
rate per cent. 


Suppose, for example, that a merchant at the end of a year’s business 
has gained £250 with a capital of £5000. His gain is Soop 8 rey 
of his capital, and he is said to have gained 5 per cent. Here 5 is 
5 


called the rate per cent., and the fraction Too 18 called a percentage. 


The abbreviations 5 pc, or 5% are used for the words 
“5 per cent.” 


Exampie 1. Hapress (i) the ratio 7: 15 as a percentage ; 


(ii) 624 per cent. as a fraction in its lowest 
terms. 


(1) Here we have to find a fraction equal to 3%, having 100 as its 


denominator, and the required rate as its numerator. 
Let «=the rate per cent. ; 


th pe = 462 
en 100 715’ whence 7 =463 ; : 
thus the rate per cent. is 463, and 7: 15 is equivalent to a percentage ae 
anes O25 A255 
(11) 625 per cent. = 100 = 200 78" 


EXAMPLE 2. There are two mixtures of wine and water ; 2 of the first 
and += of the second is wine. Which is the stronger mixture, and by how 
much per cent. ? 

By Ex. 1, = is equivalent to 623 an 

and: oe odessa 465 %. 
Thus the first is the stronger. 


Also 625 --462=15? ; hence the first mixture contains 152 per cent. 
more wine than the second. 


Nore. Another way of stating this result is as follows: if we 
consider 100 equal parts (gallons, pints, or litres) of each mixture, there 


are 625 parts of wine in the first, and 465 parts of wine in the second. 


EXAMPLE 38. A Division of 7650 men receives reenforcements that bring 
ats strength to 8262 ; by how much per cent. has it been increased ? 

On an original strength of 7650 the gain is 612; thus a percentage is 
required equal to the fraction 21.2.. 

Let «=the rate per cent. ; 

612 612 

th os eee eee Laie 

en 100-7650: whence x 650 * 100=8 

Thus the increase is 8 %. 
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Example 4. In a school 56 p.c. of the ‘boys learn Science, and the 
remaining boys are 220 in number. Find the number of boys in the school. 


If x be the number required, 44 % do not learn Science ; 


zoe = 220; whence x=500. 


EXAMPLES VI. c. 
(Hxamples 1-4 should be taken orally.) 

1, Give percentages equivalent to the following fractions : 
ems (ii) #53 (iii) 2 ; (iv) 3; (v) soo: 
9. Give, in lowest terms, the fractions equivalent to 
(i) 20p.c.; (ii) 2p.c.5 (iii) 25 p.c.; (iv) 8g p.c.3 (v) 162 pc. 
3. How much per cent. is 
(i) ll of 25? =(ii) 7 of 20? (ili) 5s. of £12 = (iv) 17s. 6d. of £1? 
4, Give the values of 
(i) 5% of £40; (ii) 4% of £50; (iii) 3% of £50; (iv) 25% of £80. 
5. How much per cent. is 
(i) £3. 28. 6d. of £12. 10s.? (ii) 4 ewt. 3 qrs. of 1 ton 8 cwt. 2 qrs. ? 
6. How much is 375 p.c. of £106. 13s, 4d. ? 


7. Inan orchard which contains 350 trees, 6 p.c. are cherry trees : 
how many trees of other kinds are there ? 


8. A tradesman’s profits are 135 p.c. of his capital: if his capital 
is £500, what profit does he make ? 


9. When the income tax is ls. in the £, how much per cent. does 
this represent of a man’s income? 


10. How much per cent. does a man save out of an income of £750 
of which he spends £510? 


‘11. The population of a town increased from 23,000 to 24,380; what 
was the rate per cent. of increase ? 


12. How many inhabitants are there in a town if 35 per cent. of its 
population amounts to 1603 persons? 


13. Find the sum of which £142 is 4 per cent. ? 


14. My rates and taxes amount to £81, this being 73 p.c. of my 
whole income. Find my whole income ? 
15. An agent employed to sell a house charged £93. 15s. as com- 


mission, this being at. the rate of 6+ p.c. What price did he obtain for 
the house ? : 


126 ARITHMETIC. [CHAP. 


16. An expeditionary force, having lost 6% p.c. of its numbers by 
casualties and disease, has 13,132 men left fit for service. Find its 
original strength. : 

17. The expenses of a hospital are £4837. 10s.; find the income if 
there is a deficit amounting to 74 p.c. of the income. 

18. At the end of each year a firm adds to its capital a sum equal to 
6+ p.c. of its capital at the beginning of the year. If the capital now 
stands at £8177, what was it a year ago? 


19. In a school 45 p.c. are English, 20 p.c. are Scotch, 13 p.c. are 
Irish, and there are 44 Welsh boys; how many boys are there 
altogether ? 


20. A tradesman in selling off at a reduction receives £1. 7s. 6d. for 
an article marked £1. lls. 3d.: how much per cent. is taken off the 
marked price ? 


Aliquot Parts. 


139. Any part which is contained in a quantity an exact (or 
integral) number of times is said to be an aliquot part of that 
quantity, and may be expressed as a fraction of it with wart 
numerator. 

Thus 6s. 8d. is an aliquot part of £1, being $ of £1. 

PSG Ds cedar assests saiast\- Lb) 8: Olapmeereee (On U9 6,00, 


VA Visser ee oe ak choos Lisewiee sree = of 1 cwt. 


EXAMPLES VI. d. (Orat.) 


Read off as aliquot parts of £1: 
shames OS. 3. (2 A. Ge. 8d. 
By Sa 4a: 6. 1s. 8d. Y Ps fe 8. Is. 4d. 
[The above results should be carefully noted and remembered. ] 


Express as aliquot parts of 5s. : 


9, 1s. 3d. 10. 1s. 8d. 11. 10d. 12. 73d. 
Express as aliquot parts of 7s. 6d. : 

13. 2s. 6d. 14. 3s. 9d. 15. 10d. 16. 6d. 
Read off as aliquot parts of 2s. 6d. : 

17.2 Tae: 18, 10d. 19, 1s. 3d. 20. 23d. 


Read off as aliquot parts of 1 cwt. : 
OA: 7h Wes: 205. 2 ars. 23. 8 lbs. 24, 14 lbs. 
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Multiplication by Aliquot Parts. Practice. 


_ 140. Compound multiplication may often be conveniently per- 
formed by means of aliquot parts. The method, known as 
_ Practice, will be illustrated by examples. 

EXAMPLE 1. Find the cost of 89 things at £5. 68. 8d. each. 

Since 6s. 8d.=£53; .. the cost of each thing =£5+ £4. 

The work of multiplication may be arranged thus: 


£. 8 Sod, 
89 . 0. O=cost of 89 at £4 each. 
5 


445 . 0. O=cost of 89 at £5 each. 
Geede= etl) 20. 13. 42 ke at 6s. 8d. each. 


474. 13 . 4=cost of 89 at £5. 6s. 8d. each: 


It will be seen that the cost at 6s. 8d. each is found by dividing £89 
(that is, the cost at £1 each) by 3. 


EXAMPLE 2. Jind the cost of 139 things at £5. 17s. 6d. each. 


Here the cost=£6 less 2s. 6d., or £6— £4: 
Hence, arranging the work as before, we have: 


don Sif. 
139 . 0. O0=cost of 139 at £1 each. 
6 ( 
834 . 0. O=cost of 139 at £6 each. 
lesa 2s, O00 Ore Ol 11017. 27 . 6050.0 nan 2s. 6d. each. —__ 
By subtraction 816 . 12 . 6=cost of 139 at £5. 17s. 6d. each. 


EXAMPLE 3. Find the cost of 75 things at £3. 13s. 9d. each. 


Since £3. 13s. 9d. =£3+ 10s. + 2s. 6d. +1s. 3d., the value of 75 things 
at the given price is equal to the sum of their values at £3, 10s., 
2s. 6d., and-1s. 3d. Practice furnishes a convenient arrangement for 
finding these separate values and their sum. 


£. SG: 
75. 0. O=cost of 75 at £1 each. 
A 


‘ 225. 0. O=cost of 75 at £3 each. 
108. =4 of £1 Bh. AVG O22 aeaeaae 10s. each. 


2s. 6d. =4 of 108. Ora (6= ieee _... 2s. 6d. each. 
ls. 3d. =F of 2s. 6d. 4 Akos Us ene ls. 3d. each. 


2/6... 11 . 3=cost of 75 at £3. 138. 9d. cach. 


> 
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It will be seen that the process consists in separating the given price 
into parts each of which (after the first) is an aliquot part of one of the 
preceding parts. Then to find the cost of 75 things at £3 each we 
multiply the £75 (which is the cost of 75 things at £4 each) by 3. 
Next to find the cost at 10s. we divide the cost at £4 by 2. To find 
the cost at 2s. 6d. we divide the cost at 10s. by 4. Lastly, the cost at 
Is. 3d. is $ of the cost at 2s. 6d. By adding these separate results we 
obtain the cost at £3. 13s. 9d. 


141. The repeated steps of division shewn in the last example 
will often give rise to inconvenient fractions of a penny in the 
successive lines of work. Such cases are best dealt with decimally, 
as explained in Chapter x1. Our object here is merely to afford 
exercise in the manipulation of aliquot parts, and we therefore 
confine ourselves to examples in which the above-named difficulty 
does not occur. 


EXAMPLES VI. e. 


Read off the cost of the following numbers of articles : 
1. 800 at 2s. 6d. 2. 360 at 6s. 8d. - 3, 252 at 3s. 4d. 
4, 640 at ls. 3d. 5, 450 at ls. 4d. 6. 288 at ls. 8d. 


Find the cost of the following numbers of articles, adding or sub- 
tracting only one aliquot part in each case: ‘ 


7, 4340 at £2. 5s. 8. 3791 at £1. 6s. 8d. 
9, 985 at £3. 2s. 6d. 10. 488 at £4. ls. 3d. 
ll. 480 at £1. 15s. 12. 408 at £2. 17s. 6d. 

13, 112 at £7. 3s. 4d. 14, 132 at 13s. 4d. 
Using only two aliquot parts, find the value of 

15. 425 at 12s. 16. 960 at 2s. 3d. 

17. 324 at £1. 12s. 6d. 18. 357 at £2. 3s. 9d. 

19. 464 at £4. 6s. 3d. 20. 425 at £3. lls. 8d. 
Find the cost of the following numbers of articles : 

21. 714 at £1. 3s. 9d. 22. 123 at £3.78. Wd. 

23. 339 at £1. 9s. 6d. 24, 355 at £3. 16s. 8d. 

25. 632 at 12s. 8kd. 26. 6113 at 8s. 14d. 

97, 427 at £6. 8s. 9d. 98, 288 at £3. 12s. 10d. 


29, 6184 at £5. 7s. 3d. 30. 1260 at £1. 8s, 114d. 


+ 
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MISCELLANEOUS EXAMPLES IL. 


1, Shew that there are twice as many pence in £3. 6s. 4d. as there 
are pounds in 3 cwt. 2 qrs. 6 lbs. 


2. How many lengths of rope, each 3 m. 54 cm. in length, can be 
cut from a coil containing 53 m. 10 cm.? 


3. What is the smallest sum of money which will exactly contain 
each of the following sums :. 


isy.ad., 18 4d., 2s. Qa leh Sas, -33. 6d.? 
4. Reduce to lowest terms (i) $335 (ii) $345 (iii) ;3 96. 
5. A book case 2 m. 45 cm. in length stands against a wall 5 m. 


75 cm. long. If it is placed in the middle, how much of the wall is 
left on each side? , 


6. A grocer buys a hundredweight of coffee ; after mixing chicory 
with it he sells the whole at ls. 6d. a pound for £9. 15s. How much 
chicory did he add? 


7. Which is the greater +7 or 83, and-by how much? 


ry RN WERT ; 115 
8. Find the sum of 24, 4, 42 @, and the difference between 642 
4 
and Ox os 


9, If 3 kilometres are as much under 2 miles as 5 kilometres are 
over 3 miles, what is the length of a kilometre ? 


10. At a bankrupt’s valuation his bullocks were put at £25 a head. 
They afterwards sold, one half at £24. 9s. a head, and one half at 
£26. 6s. a head, and thus realised £15 more than was expected. How 
many bullocks had he? 


li, I divide a number by 150, and multiply the result by 6, and 


obtain 36084. Find the number by division in one line. 


12, Explain why (i) 27=155; (ii) 24=44; in each case illus- 


trating graphically by a line drawn on squared paper. 


13, Simplify (i) Tena Se (1) 5s 


14, Find the least number of weeks in which an exact number of 
half-guineas can be earned, the wages per week being 16s. 4d. 


15, A train is travelling at the rate of 35 miles an hour. How 
many feet does it travel in a second ? ; 


AR. H.S. I 
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16. A man has a certain sum to pay to three tradesmen A, B, 
and C. He pays three-fifths of what he had to A, two-fifths of the 
remainder to 6, and the rest, which amounts to £75, to C. How 
much money does he pay in all? 


17. Find the value of £14. 6s, 103d. x 1746. 


ee CORE Bie 
18. Express the fractions 775; 31? 171 With the same numerator, and 
then arrange them in ascending order of magnitude. 


19. If in 5,°, hours a trains travels 2302 miles, what is its rate per 
hour ? 


20, A train is running at 54 miles an hour: if the telegraph posts 
are 66 yards apart, what is the greatest number, and what is the least 
number, of posts a traveller could count ina minute? Explain the two 
cases. 


21. What is the average height of 3 boys whose respective heights 
are Im. 72cm., 1m. 61 ¢m., 1m. 47 em.? 


22. The H.C.F. of two numbers is 65, and L.C.M. is 9100. If one 
of the numbers is 260, what is the other ? 


23, From 1535 take the sum of 23, 3,%,, 5,5,. 
24, Prove by a diagram, taking a straight line as the unit, that 
3=,°5. ‘What general principle does this illustrate ? 


25. A carpenter cuts off 72 of a plank, and then 77 of the remainder ; 
what fraction of the whole is left ? 


26. By separation into prime factors find which of the numbers 
(1) 2371600, (ii) 66825, (iii) 571536 are perfect squares. Find the 
H.C.F. and L.C.M. of their square roots. 


27. Complete the division sum given below, by finding the numbers 
omitted in the first and second lines. 


5 
9 rem. 2. 


1260 rem. 6. 


28. Jf 315 frances will buy 50 kilograms of tea, how much would be 
gained by selling the whole at 6 fr. 42 c. per kilogram ? 


29. A man in a train notices that he can just count 21 telegraph 
posts in one minute. If they are known to be 44 yards apart, at what 
speed is the train travelling ? 

30. Add together 34, 4, 7; divide the result by 3, and find how 


oO 


much must be added to the quotient to make 100. 
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31, What fraction multiplied by 35 of $ produces 2? of 54; ? 


32. Find the three numbers between 2500 and 3000 which are 
divisible by all the numbers 21, 24, and 28. 


33. Assuming 1 kilometre =2 mile, shew that 100 yards is very 
nearly equal to 91 metres. 


34, Find the size of the largest square slab which could be used in 
paving a courtyard 72 ft. long and 57 ft. broad. | 


35. Separate 249984 into prime factors, and shew that it is the 
continued product of three consecutive numbers. 


36. “Out of £12 I pay bills amounting to £22, £75, £144, £42; 
how much have I left? 


37. Simplify, as shortly as you can: 
eae tt 439: GO Ie 4-20) - on 


38. What fractions are represented by «x in the following statements? 


3 


eee =162,; (ii) $8-za A? (iii) 4 of 2 xa=8, 


5 


39. Given that 1 kilogram is approximately equal to o4 lbs., 
express 1] tons in kilograms, and 500 Kg. in cwt. etc. 


40. If a crew, rowing at 32 strokes per minute, rows a mile in 
84 min., find the distance travelled each stroke. 


41, Three persons having £144, £22 ; £75'5, subscribe respectivel 
p s 15 Pp y 


Ts *, and 77s of their money. What is their total subscription ? 


42. Find the least number which leaves the remainder 6 when 
divided by 15, 35, or 42. 


43, The cost of 4 acres of land is £121 ; what is the value per square 
yard ? 

44, Simplify (i) 21+14x1),; (ii) 24414 of 1,4. 

45, Find the value of 51 things 4 of which cost £33. 6s. 8d. 


46. An 18 gallon cask contains 822 litres; how many pints are 
there in a litre? : 
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47, How can you tell, without working the sum, that 


1 1 We ae 
zotsit+ sot+ze is not equal to 2? 


Find the difference between the greatest but one and the least but 
one of the above fractions. 


48. Simplify 
(i) @5+17)+(Ish-#); (ii) 23 +1441, -3. 
\ 


49, Express the difference between 7'z of £1 and 7; of a guinea as 
a fraction of half-a-crown. 


00, If plums weigh 50 lbs. to the bushel and cost £22 per ton, what 
is the cost of 100 bushels to the nearest shilling ? 


51, A man swims 3 miles in 5% hours. He goes | ft. 4 in. by each 
stroke ; how many strokes does he take per minute ? 


62. A truck of coals containing 8 tons is sold at the pit’s mouth for 
13s. a ton, and delivered at a railway station distant 60 miles for 
£7. 14s. What is the cost of carriage per ton per mile? 


53. Divide the product of 72 and 957 by the difference between 
9 and 6. ; 


54, Simplify 
(i) } of (2+8); (ii) % of 24+2; (iii) (5 +3) Ot 


Hor 


55. A man takes 3 hrs. 45 min. in walking to a certain place and 


riding back. He would have gained 1¥ hr. by riding both ways. How 
long would he take to. walk both ways? 


at ub eRe SL. 
56, Simplify () S*72; (i) — 220 : 
33 -T5 iste of sf 


57. Find the value of 
(aly. it, 3°in: tos} (ii) gf of £8. 7s. 4d. 


58. After spending 4 of my money, and then ¢ of what remained, 


and finally + of what still remained, I found I had £10 left. How 
much had I at first ? 


59. Standard gold is worth £3. 7s. 104d. per ounce. What is the 
least number of ounces that can be coined into an exact number of 
sovereigns ? 


60. Find the difference between vr of 7 half-crowns and 7% of £3. 
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61. Express 26 ft. 3 in. as a fraction of 100 yds., and 3 r. 10 p. as a 
fraction of 24 acres. 


62. Find the number of square yards in a rectangular piece of 
ground which measures 135 yds. by 635 yds. Into how many pieces 
each containing 33 sq. ft. can the rectangle be divided ? 


63, At a concert £11 were taken; 50 persons took gallery tickets ; 
30 persons paid 2s. more, and 20 persons paid 3s. more than those who 
sat in the gallery. What was the price of each kind of ticket ? 


1 3 ° 9 De 
64. Simplify (i) a7 0f 736. aa) 133+44x 1,5 
- Peo >? BL ota g 
7 9 8 20 


65. A dealer has six kinds of teas, averaging 2s. 10d. per lb. Four 
of them cost respectively ls. 1ld., 2s. 3d., 2s. 6d., and 3s. 4d. per lb. 
What was the cost per lb. of the 5th and 6th teas, supposing that one 
cost three-fourths as much as the other ? 


66. Use the following approximate equivalents : 
1 metre =392 inches ; 1 kilometre =2 mile ; 
1 kilogram =2+ ibs. ; 1 litre =13 pints ; 
to determine roughly 


(1) the number of metres in 84 ft.; 


1.1) SMP A oe hundredweight in 280 Kg.; 
AR Sy kee enna litres in a 9-gallon cask ; 
BEUY, os dneueineeee kilograms in 2 tons 4 ewt.; 


(v) the price of beef per kilogram when it is 10d. per lb.; 
(vi) the price of a half-pint glass of beer at 7d. per litre. 


67. Express the following ratios as fractions in their lowest terms : 


i) lac. 3r. 35p. , (i £4. 13s. 9d. 


Saseersis p. |’) Ze tescaae 


68. Find, with as little work as possible, the value of 


*) oT ji Seaditicg Bee ey 
(i) 2g t+4et+gtlgt+qe; 


is) 6 4_ 97 et ele 
(ii) zy -—15 - 2555 + 853-7 


69. If the contents of a pint-tankard will fill two tumblers, and a 
tea-cup holds 2 as much as a tumbler, how. many tea-cups can be 
exactly filled from a litre? What fraction of a litre is left ? 
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70. A train is travelling at the rate of 40 Km. per hour: how many 
miles will it go in 12 min.? 


71. How many allotments of 3 ac. 2 r. 20 p. each may be taken out 
of a piece of land 144 miles long and 7 miles wide? 


72. If £2. 1ls. 4d. is paid for 20 kilograms of biscuit, how much 
should be given for 1 cwt.? 


15 cwt. £7. 10s. 


as a fraction in ibe toweer terms, 
1 ton £15 


73, Express 


74, A man travelled 520 miles by sea, rail, and coach. The distance 
by coach was one-third that by rail, the distance by rail one-third that 
by sea. The charges at sea were ld. per mile, by rail 2d., by coach 


44d. Find the average cost per mile for the whole journey. 


75, An empty cask weighs 11 lbs., and when filled with water its 
weight is 55 Kg.; find how many gallons the cask will hold. [See 
Ex. 66. ] 


76. Ifa farmer lays two tons of lime on an acre of land, how many 
grams is that per square metre? Express the result to the nearest 
integer. 


77. Shew that the fraction is may be expressed in the form 
4+% of +4 of (4 of 4). 
Use this result to find the value of 
£33. 2s. 8d. + (7 of 22). 


29 


78. One train travels at an average speed of 50 kilometres an hour, 
and another at haif-a-mile a minute. If the second starts immediately 
after the first, how long will it be before it is 5 miles behind? [See 
Ex. 66. ] 


CHAPTER VII. 


THE UNITARY MeEtTHOD. 


¢ 


142. Iv the present chapter we shall consider questions of 
which the following are typical examples. 


Exameie 1. Jf 12 yards of cloth cost 42 shillings, how much should 
be paid for 16 yards ? 


Given that 12 yards cost 42 shillings, it follows that one yard will 
cost one-twelfth as much ; 


that is, 1 yard costs 42 shillings x =.. 
Again 16 yards will cost sixteen times as much as 1 yard costs ; 
“. 16 yards cost 42 shillings x 16, 
Hence the required sum = 42s. x 4=56s. 
EXAMPLE 2. If 35 men can do a prece of work in 6 days, in how 
many days could 15 men do tt ? . 


Given that 35 men do the work in 6 days, it follows that one man 
will take thirty-five times as long ; 


that is, 1 man does the work in 6 days x 35. 
Again 15 men will take one-fifteenth of the time that 1 man takes ; 
“. 15 men do the work in 6 days x 35, 
Hence the required time =6 days x $= 14 days. 
143. From the above Examples it will be seen that the method 
depends on first finding 
in (1), how much one yard of cloth costs ; 
in (2), how long one man takes for the work. 


For this reason the process is known as Reduction to the Unit, 
or the Unitary Method. } 
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The middle steps in these Examples, namely those in which the 
reduction to the unit is performed, should be carefully noted and 
compared. In the first Example, the smaller the number of yards 
the smaller the cost ; while in the second, the smaller the number 
of men the greater the time taken. In every example the pupil 
must begin by asking himself whether, on reducing to the unit, a 
smaller or a greater result is to be expected. 


The actual arrangement of Examples should be as follows : 


Example 1. Jf I spend £49. 1s. in 18 weeks, how much should I 
spend in a year at the same vate ? 


In 18 weeks I spend £49. 1s. 


in. liweeky age £49. 1s. x x45. 
. in 52 weeks ......... £49. 1s. x 32, 
52-263. 
F es 
.. req’, sum=£49, ls. x 48 49. 1 
3 
=£141. 14s. fua7. 3 
Less 4 bee 
141. 14 
NortEs. 


(i) In the first line of work it is convenient to arrange the statement 
so that the quantity of the same kind as the answer comes last. 


(ii) In the reduction of the last line it is in some cases best to 
express the given quantity fractionally, in others to deal with it as a 
compound quantity by one of the methods explained in Chapter v1. 
Here we adopt the latter course. _ : 


EXAMPLE«2. A train takes 3 hrs. 12 min. to perform a certain 
journey if it travels at the average speed of 35 miles an hour. How long 
would the same journey take at 40 miles an hour ? 


At 35 miles an hour the train takes 3+ hours. 


1) 


pat J mile an’ hour... Bt hours x 35; 
“at 40 miles.-an hour <255e eee 34 hours x 33, 


Hence req@. time —(1.8 x 2) hours=2¢ hours 
5 8 5 


=2 hrs. 48 min. 
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EXAMPLES VII. a. 
(Hxamples 1-10 showd be done orally.) 
1. If 8 copies of a book cost 24 shillings, what would one copy cost? 


2. If 5 men do a piece of work in 12 days, in how many days 
would 1 man do it? 


eee at 8 sheep cost £18, how much would 1 sheep cost ? 


4, If 10 men dig a ditch in 9 days, how long would 1 man take at 
the same rate ? 


5, The stores in a block-house would last 9 men for 9 days ; how 
long would they last 1 man? 


6. In 8 weeks my earnings are £40; what are my average earnings 
for 1 week? What do I earn in 11 weeks? 


7, For a certain sum 7 cwt. are carried 30 miles; for the same sum 
how far should 1 cwt. be carried? How far should 10 ewt. be carried ? 


8. Travelling 9 miles an hour I make a journey in 10 hours ; how 
long would the same journey take at 1 mile an hour? How long at 
15 miles an hour ? 


9. I pay 12 shillings for 8 lbs. of coffee ; how much do I pay (i) for 
11b.; (ii) for 6 lbs. ; (iii) for x lbs. ? . 


10. If x lbs. of tea cost 15 shillings, how much does 1 lb. cost? 
How much do y lbs. cost? 


11. How long will it take me to earn £68 if I can earn £51 in 
12 weeks ? 


12. How many trucks would be wanted to carry 175 tons of coal at 
the rate of 12 trucks for 100 tons? 


13. If 125 men can do a piece of work in 120 days, how many men 
would be sufficient to do it in 100 days? 


14. In how many days would 35 horses eat a supply of corn which 
lasts 20 horses for 14 days? 


15. If half-a-crown will buy 3 lbs. of meat, what will be the cost of 
16 lbs. ? 


16. A certain quantity of stores will last 77 men for 16 weeks. 
How many men will the same stores last for 22 weeks? 


17, By travelling at an average speed of 39 kilometres an hour I 
take 16 hours for a journey; how many hours should I take at 24 
kilometres an hour? 


18. What will be the cost of 16 yards of cloth if 30 yards cost 
£0. 53. ? 


19... What should be paid for 28 days’ work at the rate of £3. 7s. 6d. 
for 12 days? ; 
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20. A cart delivers 15 tons 12 cwt. of sand in 13 loads, how much 
could be brought in 5 loads? 


21. li I save £61. 13s. 4d. in 37 weeks, how much should I save in 
43 weeks at the same rate ? 

22, A train running at an average speed of 48 miles an hour per- 
forms a journey in 6 hrs. 25 min.; how long would the same journey 
take if the speed were reduced to 33 miles an hour ? 

23. (i) If 3 men take 5 hours to load a consignment of coal, how 
long would 10 men take? 

(ii) If « men take p hours for this work, how long would y men 
take ? 

24, (i) At the rate of 134 miles in 3 hours, what distance could be 
covered in 8 hours ? 

(ii) What distance could be covered in x hours at the rate of m 
miles in p hours? 


25. How far will a train travel in 17 minutes at the rate of 30 miles 
an hour? What distance would be travelled in x minutes at this speed? 


26. (i) At what speed in miles per hour is a train travelling if it 
covers 1056 yards in a minute ? 
(ii) Express a speed of a yards per minute in miles per hour. 
27. (i) If a motor travels 90 miles in 1 hour, how many feet does it 
go in 1 second? 
(ii) Express a speed of m miles per hour in yards per minute. 


28. (i) If an engine of 60 horse-power will raise a certain load up 
the shaft of a mine in ? of a minute, how long would it take an engine 
of 36 horse-power to do the same work ? 

(ii) An engine of # horse-power does certain work in a minutes ; 
in how many minutes would an engine of y horse-power do the same 
work ? 

29, If 40 tons of provisions would last 840 men for 57 days, for how 
many days would the same supply last 1330 men? 


30. A man makes a journey in 10 hours travelling by coach at 
12 miles an hour; how much time would he save if he made the 
journey by train at 45 miles an hour? 


31. If 95 sacks of flour weigh 2 tons 15 ewt., find the weight of 
133 sacks. 


32. I give £62. 10s. 8d. for 56 tons of coal ; how much should I give 
for 72 tons at the same rate ? 


33. What will be the cost of 108 quarters of wheat, if 63 quarters 
are sold for £95. 5s. 9d. ? 


34. If 135 lbs. of coffee cost £8. 8s. 9d., what should be given for 
375 Ibs. ? 
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30. <A watch loses 2 hrs. 13 min. a week ; how much does it lose in 
36 hours ? 


36. A man’s expenditure is at the rate of £5. 15s. 6d. in 35 days ; 
how much will he spend in a year at this rate ? 


37, If I save money at the rate of £42 a month, I shall have enough 
to buy a certain house in 4 years 7 months. How.soon should I be able 
to buy this house if I were to increase my rate of saving to £70 a 
month ? 


38. Find the cost of 209 copies of a book of which 176 copies can be 
bought for £46. 18s. 8d. 


39, The rent of 119 ac. 1 r. 16 p. of land is £264; how much land 
can be rented for £105? 


40. A besieged garrison of 4000 men had provisions left for 42 days, 
when 1760 men broke through the enemy’s lines. For how long could 
the provisions last the remainder of the garrison ? . 


144. Examprel. If 3°) of a ton of gun-metal ts worth £90, find the 
value of (i) a whole ton, (ii) +2 of one hundred-weight. 


Since zy of a ton is worth £90, 
a7 Of a ton? £90 x 4 ; 
VET, OF ONE, CON. crsversese. £90 x 11, viz. £165. 
Hence 1 cwt. is worth £165 x 4, ; 
+3 ewt. oc... £165 x 3}, x 43 


Thus the required result = £143, or £7. 3s. 


EXAMPLE 2. Of the annual profits of a firm the senior partner takes 


2, and the junior partner 75 of the remainder. If £378. 3s. is left to 
carry forward to next year’s account, what are the total profits ? 


When ~ of the profits have been taken, there remains a5 
‘. the junior partner takes 7 of 2 of the total ; 


so that there is then left 75 of 2, or 7x of the total. 


" Since 7x of profits amount to £378. oa 
ae Of profits. -reeiaemece: 2318. 38..x-% ; 
. +8, or whole, profits ............ £378. 3s. x 48. 


Thus the required sum= £2016. 16s. 
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EXAMPLES VII. b. 


1. If 2 of a legacy is worth £93, what is the whole worth ? 


2. What are the total profits of a business, when 77 of the profits 
amount to £42. 10s. ? 


3. What is the length of a pole which is shorter by 54 inches when 
6 , 
7 of it has been cut off? 


4, After +4 of my journey is done, I have still 6 miles to go. 
How far have I gone already ? 


5, If $ of my income is £308, find = of it. 


6. What is the value of 3 of an estate, when ey of it is worth 


£1065 ? 


7, A creditor who has a claim upon # of a bankrupt’s property 
gets £87. 15s. What will another creditor get who can claim 21 


8. If zs of an estate is worth £250, what part of the estate is 
worth £650? - 


9, When I have read 240 pages, I shall have got through + of a 
book. What fraction of the book shall I have read when I have got to 
the end of page 350? . 


(In Examples 10-25 the following approximate equivalents are to be 
used : 


1 metre = 392 inches ; 1 kilometre = mule ; 

1 sq. metre=103 sq. feet ; 1 hectare =2% acres ; 
lgram =155 grains ; 1 kilogram =2+ lbs. ; 

1 litre =13 pint =61 cubic inches. ] 


10. To cut a road costs £240 per mile; find the approximate cost 
per kilometre. 


11. If 1 kilometre of telegraph wire costs £31. 5s., find approxi- 
mately the cost per mile? 


12. Find the cost per lb. of tea which is sold for 3s. 8d. per kilogram. 


13. If sugar costs lls. 8d. per cwt., quote the corresponding price 
per lb., and per kilogram. 


14. What should be the price per litre of ale which costs 3s. 4d. a 
gallon ? 
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15. How much should be given for a pint of claret which is sold at 
6s. 5d. per litre? 


16. If cloth is sold at 2s. 1ld. per metre, what is the price per 
yard ? 


17. Ribbon costs 8d. a yard; at what rate is this per metre? 


18. If two glasses go to the pint, how much should be paid for a 
glass of beer that is sold at 7d. per litre? 


19. Which is the greater speed 96 kilometres an hour or a mile a 
minute ? 


20. The distance from Paddington to Bristol is 119 miles; if the 
run is made in 2 hrs. 20 min., express the average speed in kilometres 
per hour. 


21. The rent of land is £2. 5s. per acre; find roughly the rent per 
hectare. 


22. <A plot of 15 hectares is sold for £4650 ; find roughly the price 


per acre. 


23. How many metres of silk could be bought for £3. 10s. if the 
price per yard is 5s. 4d. ? 


24, Calico which cost 82d. per metre is sold at 8id. a yard. What 
gain is made on selling 48 yards? 


25, Spirit bought at 5s. 4d. per quart is sold at the same price per 
litre. What is the total gain on selling 1900 litres? 


26, ind the acreage of a farm which consists of pasture and corn- 


land, if the pasture amounts to zy of the whole, and there are 216 
acres of corn-land. 


27. A battalion, after 7 of its whole strength had been disabled, 
had 748 men left fit for duty. In a week’s time 816 men were reported 
fit for duty. By what fraction of its full strength was the battalion 
still short ? € 
98, After travelling £ of a journey by rail, and 3g of it by coach, I 
find I have still 8 miles to walk. What was the length of the whole 
journey ? ‘ 


29. Three partners own respectively %, +, and + ofa coasting vessel, 
while the rest belongs to the master; what is the latter’s share? If 
the master’s share is worth £937. 6s., what is the whole vessel worth ? 


30. A man pays 7g of his income in rates and taxes, and 75 in 
insurances ; he has then left £492. 13s. 1d. What is his income ? 


CHAPTER VIL 
DECIMALS. 


145. Numeration. The numbers 10, 100, 1000, 10,000, ..., are 
known as powers of ten. 10 is itself the first power ; 100, or 10?, 
is the second nome ; 1000, or 10%, is the third power, and so on. 


Similarly 75, t6o 10900) ---» are called inverse powers of ten, 
i 


and may be written wie? jor 


146. We already know that the figures of any whole number 
express that number in descending powers of ten and in units. 
For instance 


5893 means 5 thousunds+8 hundreds +9 tens+3 units, 
or 5x 10° +8x 10? +9x10+3. 


If we now extend this system fractionally beyond the units’ 
figure, we may express tenths, hundredths, thousandths, and so on. 
This extended notation is shewn in the following Table. 
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The above figures represent 
5 thousands+8 hundreds +9 tens+3 units together with 
4 tenths +6 hundredths +7 thousandths. 


To mark the position of the units’ figure we place a dot called 
the decimal point immediately after it. Thus the mixed number. 
given above in words is written in figures as follows : 


5893°467. 
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In the same way . 
2 hundreds+6 units +5 tenths +1 thousandth 
is written 206°501, the two ciphers being used to indicate the 
absence of tens and hundredths, and to fix the position of the other 
figures. 
Similarly 0°8002 indicates 8 tenths +2 ten-thousandths, the cipher 
on the left being used to mark the units’ place. 


Norss. (i) When there is no whole number, the cipher before the 
decimal point is sometimes omitted. Thus 0°8002 and -8002 have the 
Same meaning, though the first form is usually to be preferred. 

(11) Ciphers appended to the right of any decimal do not alter its 
value., Thus in 3°5200, the final ciphers merely indicate absence of 
thousandths and ten-thousandths, so that 3°5200 and 3°52 have the same 
value. . 


147. A fraction (or whole number followed by a fraction) thus 
expressed in tenths, hundredths, thousandths, etc., is called a 
decimal fraction or simply a decimal. 


In reading off a decimal fraction the digits are named in order, 
without specifying tenths, hundredths, etc. Thus 57°4067 is read as 
follows: “fifty-seven, decimal (or point) four, nought, six, seven.” 


EXAMPLES VIII. a. (Oral.) 


1. Read off as decimals the figures given in the following Table : 
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Read off as decimals : 
2, (i) 7 units+5 tenths; (ii) 6 tenths+2 hundredths. 


3. 4 units+6 tenths+8 hundredths. 

4, 39+ 1 tenth +2 hundredths. 

5, (i) 50+5 hundredths ; (ii) 500 +5 thousandths. 

6. (i) 3 tenths +4 hundredths ; (ii) 30+4 ten-thousandths. 
7. (i) 9 thousandths ; (ii) 8 millionths. 


State in words (naming tenths, hundredths, thousandths, etc.) the 
equivalents of : 


So or 47. OG. Bee 10. 51°96. 
Pte, 02. 12. 10°08. 13. 0°451. 
14. 0°07. 15. 5005. 16. Ue 
17, 37196. 18. 31°96. 19. 319°6. 
20, 20°8. 21.2 22, 0-208. 
Bone O208.. 24, .23°23. 25. 0°023. 


96. Read off as decimals: q9, too» 00d» T0000: 

27. State (naming tenths, hundredths, etc.) the meanings of 
(ii “72, > (i) 0G TZ. fait) “7200. 

What effect have the ciphers in the second decimal ? 

What effect have the ciphers in the third decimal ? 


28. On a rough measurement I make the length of a line to be 
8:6 inches. The true length is 8°63 inches. State in words my error. 


29, Which is the greatest of these decimals: 0202, °202, -2002? 
Which is the least ? 


e 
148. Approximate Decimals. It must specially be noticed 
that the number of digits in a decimal fraction gives no indication 
of its value. Thus 0°736 denotes a smaller quantity than 0°8 ; 


ears ne 3 i 2.136 
for 0°736=79+y00t 1000 ~10 


1000 
SPM Gc he eae ci 86D 
while 08 = 75 eee. 


And however many decimal figures we might append to 
0°736..., the result would still be less than 0°8. 


149. The beginner should always consider the digits of a 
decimal one by one in order from left to right, and he should 
try to realize the rapidly diminishing importance of successive 
digits. 
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For example, suppose it is required to mark off from the line AB a 
part equal to 2°46 inches. 


1234/5678: 9 10 


Al | B 


1 o 3 
Now 2°46=2+ 54,+76 5. Hence measuring from A, we first take 2 
inches ; then along the next inch, which is divided into 10 equal parts, 


we take 4 tenths; so that we have now taken 2°4 inches. o get the 
remaining 6 hundredths, we should have to sub-divide the next tenth 
into ten equal parts, and of these take 6. We shall then have obtained 
a line 2°46 inches in length. 


Now suppose we wanted a line 2°468 inches long. In order to get 
the additional 8 thousandths, we should have to sub-divide the next 
one-hundredth of an inch into ten parts, and take 8 of them. But it is 
clear from the diagram that this would require a sub-division far more 
minute than is possible with ordinary instruments. 

The best we can do is to count 8 thousandths as roughly 1 hundredth, 
and accordingly to estimate a length of 2°47 inches as an approximate 
substitute for 2°468 inches. This of course involves anerror of 2 
thousandths ; whereas if we had simply omitted the third decimal 
figure, our error would have been 8 thousandths. 

Thus 2°47 is the nearest equivalent of 2°468 that can be given with 
two decimal] figures ; and it is therefore said to give the value correct 
- to the nearest hundredth, or correct to the 2nd decimal place. 

If, in the above illustration, the 3rd decimal figure had been less 
than 5, the nearest equivalent with two decimal figures would clearly 
have been got by merely omitting the 3rd figure. . 


Thus we have 


2°464 =2°46 )\ correct to the 2nd decimal figure, 
2°468 =2°47 f or nearest hundredth. 


0°32125=0°321 | correct to the 3rd decimal place, 
0°32172=0°322 / or nearest thousandth. 


EXAMPLES VIII. b. (Oral.) 


| 1, I am required to measure off a line 2°147 inches long: what 
errors do I make in taking (i) 2°14 inches, (ii) 2:15 inches as near 
equivalents ? ‘ 


What is the equivalent of 2°147 correct to the 2nd decimal figure ? 
What figures represent 2°147 correct to the nearest hundredth ? 


2. Instead of 3°128 inches I take 3°13 inches: what error is 
involved? Is the approximation correct to the nearest hundredth ? 


3. Correct 4°786 to the nearest hundredth. What error is accepted 
in doing so? ; 


AR. H.S. K 
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4, Supposing that you can measure iches, tenths, hundredths, and 
no further, what figures would you take to represent the following 
lengths ? 

(i) 3°742 inches. (ii) 3°746 inches. (iii) 2°087 inches. 
(iv) 4°063 inches. (v) 0°8847 inch. (vi) 6°12784 inches. 


5, As an approximation to 3°685, which is nearer, 3°68 or 3°69 ? 


6. As an approximation to 3°6857, correct to the nearest hundredth, 
which is the closer, 3°68 or 3°69 ? 


7, In the decimal £0°111, find in pence or the Gdicn of a penny, 
the value of each decimal figure separately. 


8. How will the following decimals be most nearly represented 
with three decimal figures ? 


(i) 0-4768. (ii) 38-4909. (iii) 0-07923. (iv) 0°6799. 


no: Read off the following decimals correct to the nearest thousandth. 
(i) 4°6872. (ii) 2°6877. (iii) 0°90884. (iv) 0°9099. 


10. Read off the value of 3°618293 correct to five, four, three, two, 
one decimal places ; and also correct to the nearest unit. 


150. Place-Value illustrated by the Metric Table of Length. 
We have seen.that the position of any digit in a decimal relatively 
to the wnets’ figure fixes its place-value; that is, it determines 
whether the digit represents tens, hundreds, thousands, etc., or 
tenths, hundredths, thousandths, etc. For instance, the 3rd digit 
to the deft of the units’ figure indicates thousands, while the 3rd 
digit to the rzght indicates thousandths. Thus the place-value of 
each digit throughout a decimal is ten-times the place-value of 
the next digit on the right, and consequently one-tenth that of the 
next digit on the left. 


Now in the Metric Table of Length the successive denominations 
are connected in exactly the same way. Hence, taking 1 metre 
as unit, we may immediately express a series of metric denomina- 
tions as the decimal of 1 metre; and, conversely, read off a 
decimal of 1 metre as a compound quantity. 


1000 | 100 10 4 Rf aes eA Poe 
Km. Hm. Dm. metre dm. cm. mm. 
4 6 5 
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EXAMPLES. From the above Table, we have at once 


(i) 4 Hm. 6 m. 5 cm. =406°05 metres. 
(11) 7030°8 metres =7 Km. 3 Dm. 8 dm. 


Obs. 1 metre=39°370113 ... inches =393 inches (nearly). 
1 inch = 2°5400 ... centimetres. 


EXAMPLES VIII. c. 
(Most of the following examples should be taken orally.) 
Read off as decimals of a metre : 
1. 8m. 5dm. 2. Sm. 5cm. 3. 7m. 4dm. 3 cm. 


4, 7Dm.4m.3dm. 5, 7dm.4cm.3mm. 6, 7m. 4cm. 3mm. 


7. Kemembering that Sm. 1 dm. 2 em.=8:12 metres, 
is it true that 8 yds. L ft. 2in. =8:12 yards? 
Give your reason. 


Read off (as compound quantities) in a series of metric denominations : 
§. 96m. * 9. 90-6m.. 10, :0-06+n, 11, 9-06 m. 

$2.9 P52 tow 7 O2 Mm: 14, 70°502 m. 15. '7005°2 m. 

Read off as decimals : 

16. 10+2 hundredths+7 thousandths. 


17. 7 tenths+1 thousandth +4 ten-thousandths. 


18. 21+3 thousandths. 19. 5+7 ten-thousandths. 
3 7 9 7 8 
ee ee en aa 5: Zl, 51+ 75 +76" 
1 1 3 
22, 10 “a 1000° 25; 10000° 
24, ae 25. 4 hundred-thousandths. 


State in words the equivalents of 

26. 0°3003. 27. 0:0072. 28. 0:0702. 29, 0:09002. 

State in words, and also in inverse powers of 10, the equivalents of 

a0. .:O1. 31, 0001. 382. ‘000001. 

33. Which is greater, one farthing or ‘001 of a sovereign? Why? 
_ 84, Read off as compound quantities in metric denominations 


(i) 4036 Km. (ii) 0-409 Km. (iii) 7-007 Km. (iv) 8:8 Km. - 
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* 


30. Using only two decimal figures, give the nearest equivalents of 
(i) 4°612. (ii) 0089. (iii) 5°6832. (iv) 0°1781. 

36. State as decimals correct to the nearest thousandth the value of 

the following : 
(i) 0°0717. (ii) 3°62812. (iii) 0:8008. (iv) 4°50691. 

1 ct + 2 9 
167 17108 

37, To how many places must the decimal of a kilometre be correct 
to give a result ¢rue to the nearest metre? Illustrate by an example. 


if 3 6 8 : 
(v) 4+go+ 00+ 000+ T0000: (vi) 7+ 


38. Read off as compound quantities correct to the nearest metre : 
(i) 30069 Km. (ii) 9°0483 Km. (iii) 0:10892 Km. 


39. To how many places must the decimal of a metre be correct to 
give a result true to the nearest millimetre ? 


40. Read off as compound quantities correct to the nearest millimetre : 
(1) 0°0431 metre. (ii) 4:0619 metres. (iii) 0:00683 metre. 


151. Multiplication and Division by Powers of Ten. It 
will now be understood that if each digit of a decimal is moved 
one place to the /eft (the decimal point remaining fixed), the place 
value of each digit is encreased ten-fold. 


Hence, to multiply a decimal by 10, 100, 1000,..., that is 
to say, by 10', 10%, 10%,..., move each digit 1 place, 2 places, 
3 places, ..., to the left; or, what serves the same purpose, move 
the decimal point so many places to the right. 


EXAMPLE A hs EXAMPLE 2. 
26 °324 x 100 0:00268 x 1000 
== 20524. =—2Hs, 
EXAMPLE 3. 8°71 x 10*=87100. 


152. Similarly, if each digit of a decimal is moved one place to 
the right, the place-value of each digit is diminished ten-fold. 


Hence to divide a decimal by 10, 100, 1000. ... (that is to 
say by 101, 10%, 10%,...), move each digit 1 place, 2 places, 
3 places,..., to the right; or, move the decimal point so many 
places to the left. 


EXAMPLE 1. EXAMPLE 2. 
916°4 +100 4°62 +1000 
ee. 07164, = 000462. 


EXAMPLE 3. 5038+ 108=5:038. 
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153. Standard Form. A decimal (such as 4'803) which has a 
whole number consisting of a single digit, is said to be in standard 
form. 


Now 480°3=4:°803 x 10?; 
and 0:04803 = 4°803 ~ 102. 


Thus any decimal can be presented in standard form by using 
some power of 10-as a multiplier or divisor. 


154. As before, the above principles may be illustrated from the 

Metric Table of length. 
EXAMPLE 1. 4°0816 kilometres= 4081°6 metres 
: 40°816 Hm. 
408160 cm. 

EXAMPLE 2. 8 Km. 37 m. 6 dm., or 

8 Km. 0 Hm. 3 Dm. 7 m. 6 dm. =8:0376 kilometres 
= 8037600 millimetres. 


EXAMPLE 3. 70°9004 hectometres=7 Km. 9 Dm. 4 cm. 


From these instances we see that in metric measurements all 
processes of Reduction can be performed without numerical cal- 
culation, by merely considering the place-value of the different 
denominations. 


155. We add some further illustrations to shew the advantage 
of Tables in which successive denominations are connected by tens 
or powers of ten. 


(i) Express 51 fr. 31 c. in francs only. 
Since 100 c.=1 fr., to bring centimes to frances divide by 100. 
ates Now 31+100=°31. 


SS wf on Pere ok c.—61-3) fr, 
; _ a. ig 2) ; y 
SANS (ii) Similarly 36 fr. 7 c. =36:07 fr. 
= B (iii) Again, since 100 cents=1 dollar ; 


tx 2 B 8 dollars 35 cents = 8°35 dollars. 


(iv) Conversely, 82°31 fr. =82 fr. 3lc. 
And 40°09 dollars=40 dollars 9 cents. 


(v) Since 100 links=1 chain ; 
. 14 chains 8 links=14°08 chains ; 
and 7°32 chains=7 chains 32 links. 
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EXAMPLES VIII. d. 
(Most of the following examples should be taken orally.) 


Multiply (reading off the results as decimals) 


D. 


ee 


2467 by 10, 
3-062 by 100, 
41°32 by 10, 
0:0091 by 100, 
0-083 by 104, 


by 100, 


by 1000, 


by 10, 
by 10°, 
by 100, 


by 1000. 

by 10,000. 

by 10°. 

by ten-thousand. 


by one million. 


[CHAP. 


State the number of 
6. Centimetres in (i) 
7, Metres in (1) 
8. Millimetres in (i) 
9, Centimetres in (i) 


10. 


70°31 metres, (ii) 1°05 metres, (iii 


3°024 metres, (ii ill 


PeKin.. (ii) 0°061 Km., 


0°7 metre, 


70°34 + 10=7°034. 


Divide (reading off the results as decimals) 


(11) (iii) 8°2 metres. 
4°708 Km., (ii) 0°312 Km., (iii) 0°87 Km. 

(11) (111) 0-08 metre. 
(iii) 0-0607 Km. 
State in words the equivalent of 70°34; and explain why 


11. 409°32 by 10, by 100, by 1000. 
12. 8032 by 100, by 10%, by ten-thousand. 
13. 0'7 by 10, by 1000, by 10+. 
14, 6234 by 100, by 1000, by ten-thousand. 

15. 90 by 1000, by 104, by one million. 
Express 
16. In metres (i) 483 cm., (ii) 79 em., (iii) 8 em 
17. In kilometres (i) 3081 m., (ii) 149 m., (111) 85 m. 
18. In metres (i) 4105 mm., =‘ (ii) 9300 mm., (ii) 800 mm. 
19. In kilometres (i) 504384 cm., (ii) 73009 cm., (iii) 301 cm. 


20. Multiply 2+7o+7o00+100 
as a decimal. 


21, Divide 36401 by 10000, stating the quotient as a decimal. 


> by 100, reading off the product 


22. By what power of ten must 0:0324 be multiplied to give the 


result 3°24? 


93, By what power of ten must I divide 4090-2 to get 4:0902 as the 


quotient ? 
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Express in francs : 


Oa 3 ire 47 C, 25. 50 fr. 40 c. 26. 18 fr. 30c. 

o(- 18 th-3-0: 28. 4817 centimes. 29. 7020 centimes. 
Read off in francs and centimes : 

30. 21°73 francs. , 31. 8:06 francs. 

32. 9:04 francs. ° 33. 9°4 francs. 


34, ‘Bearing in mind that 
3 fr. 17 c.=3°17 franes, 
may we conclude that | £3. 17s.=£3:17? Give your reason. 


Remembering that 1 florin = 2 shillings = £ 
decimals of a pound: 


35. £4. 2s. 36. £5. 6s. St. Seika On Pll, Ide 


Express as decimals of one metre : 


a ar 
Io = £11, express as 


39. 31m. Sem. 40. 4707 cm: 41, 4°708 Km. 
42. 6dm. 5ecm. 43. 5 Dm. 9 dm. 44, 0:063 Km. 
Read off as decimals of a dollar : 

45. 3 dollars 14 cents. 46. 26 dollars 4 cents. 
47, 188. 304. 48, 98. 804. 


49, How many cents are t 


re in (i) 9:07 dollars, (ii) 9-7 dollars? 
Express as decimals of one kilometre : 


50. 5 Km. 4 Dm. 7 m. 1. 9Km. 3 Hm. 2 m. 


52, 416 metres. 53, 6m. 26 cm. 
Read off in kilometres and metres the equivalents of : 
54, 4:976 Km. 55. 13°027 Km. 
56. 8 Km. 4 Hm. 3 Dm. 57. 5 Hm. 28 m. 


58. Multiply 7 m. 2 dm. 3 mm. by 10; and express the result in 
Suecessive metric denominations, and also as the decimal of a kilometre. 


59. Taking an average pace to be 76:2 em., find in metres the 
equivalent of 1000 paces. 


60. If £1 can be exchan ed_for 25 fr, 18 c., find-in—franes— the~ 
equivalent of £10 ; N M’S HS/M) LIBRAR Y¥ 
tee Bt a e 


61. The circumf bicye wheel measures 239 cm.; how 
many metres willtit travel in making teh, thousendirévolutions ? 


62, A surveyot’s chain of 22 yards is nearly equal to 20 m. 12 cm. 
Express in kilomdtres and metres the length of 100 chains. Q\ ‘ 
° yD : , err Tere TTT Lh REL | 
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63. By what must I multiply (i) 0°5481 to give 5-481? 
(ii) 0°00893 to give 8°93? 
(iii) 0000071 to give 7:1? 
64, By what must I divide (i) 7026 to give 7°026? 
(ii) 8004-71 to give 800471? 
(iii) 35°021 to give 3°5021 ? 
65. Express the following decimals by their equivalents in standard 
form: ‘ 
(i) 381°6. (ii) 4068°7. (iii) 0°867. (iv) 0°00425. 
66. Read off the following correct to the nearest unit : 
(i) 706°8. (ii) 70°683. (iii) 8909°7. (iv)-999°9. 
67. Read off the value of the following in metres, correct to the 
nearest metre : 
(i) 3°6858 Km. (11) 0°84927 Km. (111) 0°9098 Km. 


68. Read off the following in frances and centimes, correct to the 
newrest centime : 


(i) 83°924 francs. (ii) 17°0791 franes. (iii). 37°698 francs. 
69, Expressin dollars and cents, correct to the nearest cent : 
(i) 46°837 dollars. (ii) 101°0961 dollars. (iii) 99°999 dollars. 


Decimal Numeration illustrated from Metric Square Measure, 
Cubic Measure, Capacity, Weight. 


156. Square Measure. 


Since 
1 Dm.=10 metres, .. 1 square Dm.=10?, or 100, sq. metres ; 
Similarly 
1 : 1 1 mat 
1 dm.=75 metre, 2"): square din. = 5p OF 799? 84: metre ; 
and so on. 


Thus since each denomination of length is 10 times the next 
lower denomination of length, therefore each denomination of area 
(expressed as the square of a length) 7s 100 times the next lower 
denomination of area. This is shewn in the following Table : 


2 2 2 1 1 I 
(1000)? | (1002 | (10) 4 Hon Ween “Gooor 


sq. sq. Sq. Sq. sq. sq. Sq. 
Km. Hm. Dm. metre dm. cm. mm. 
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Thus 4364 sq. metres = 43°64 sq. decametres 
= 436400 sq. decimetres. 


Nott. The symbols Km.?, m.?, cm.? are sometimes used for square 
kilometre, square metre, square centimetre. 


157. For land measurement the unit of area is the Are, viz. 
1 square decametre. 


Hence 1 are=(10)’, or 100, square metres. 


1 hectare (viz. 100 ares) = 10000 square metres 
am (100)? ” 
So that the hectare (Ha.) is one square hectometre. 
Obs. 1 square metre=1550°0 square inches. 
41 square inch = 6°4516 sq. centimetres. 
1 hectare = 2°4771 acres (or 25 acres nearly). 


EXAMPLES VIII. e. 
(Most of the following Hxamples should be taken orally.) 


Express in terms of square metres: 


1. 482°1 sq. decametres. 2. 6020 sq. decimetres. 
3. 0°0046 sq. kilometre. 4, 8701 sq. centimetres. 
5, 14°68 sq. hectometres. 6. 4 Dm.? 5 m.? 3 dm.? 
Express in terms of hectares : 
7. 416 ares. 8. 50026 sq. metres. 
9. 8 Ha. 14 ar. 10. 14 Ha. 8 ar. 
ll. 6 Ha. 6 ar. 6 sq. m. Lo ea a egs-in; 


13. How many hectares are there in a square kilometre ? 


14, How many square decimetres in an are? 


158. Cubic Measure. 
Since 

1 Dm.=10 metres; .. 1 cubic Dm.=(10)*, or 1000, cubic metres. 
Similarly 


1 : 
1 dm.=— metre; .. 1 cubic dm. aor cubic metre, 


10 


pad 
1000’ 
and go on. 


ale 
~ (10) 
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Thus since each denomination of length is 10 times the next 
lower denomination of length, it follows that each denomination of 
volume (expressed as the cube of a length) 2s 1000 times the next 
lower denomination of volume. 


For instance, 3648 cubic decimetres =3°648 cubic metres 
= 3648000 cubic centimetres. 


Note. The cubic metre is sometimes called a stere. 


A cubic metre, cubic decimetre, and cubic centimetre may be denoted 
by the symbols m.?, dm.*, em.®, 


159. Capacity. The capacity of one cubic decimetre is called 
a litre. 


One litre being taken as the unit, the prefixes Kilo-, Hecto-, 
Deca-, deci-, centi-, milli-, are attached with their usual meaning. 


Thus 1 hectolitre = 100 litres ; 1 decilitre = litre; 


LO 
1 kilolitre =1000 litres; 1 centilitre =>, litre. 
Since I cubic metre =(10), or 1000, cubic decimetres, 


1 cubic metre contains 1000 litres, viz. one kilolttre. 


Obs. 1 litre contains 61°024... cubic inches 
or 1°759... pints. 


160. Weight. The weight of one cubic centimetre of water | 
(at a temperature of 4°C.) is called a gram. 
Obs. 1 gram=15'432... grains (or 15a grains, roughly). 
1 kilogram (or 1000 grams) =2'2046... Ibs. 


Since 1 litre contains 1 cubic decimetre, 
vz. 1000 cubic centimetres ; 
1 litre of water weighs 1000 grams, 
vez. 1 kilogram. 


Since 1 cubic metre=1000 cubic decimetres, or litres, 


I cubic metre of water weighs 1000 kilograms (or 1 tonne). 


EXAMPLE 1. How many litres are there in a tank containing 5'86 
cubic metres ? 


586 cu. metres =5860 cu. decimetres = 5860 litres. 
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EXAMPLE 2. How many kilograms of water are there in a vessel 
_ contaimimng 8270 cubic centimetres ? 


8270 cu. cm. =8'27 cu. dm. =8°27 litres ; 
and since each litre of water weighs 1 Kg., 


-. the required weight=8-27 Kg. 


EXAMPLE 3. What is the weight of a litre of mercury ; if mercury 
weighs 13°5 times its bulk of water ? 


1 litre of water weighs 1 Kg. 


. 1 litre of mercury weighs 13°5 Kg. 


EXAMPLES VIII. f. (Orai.) 


Express in cubic decimetres : 


1. 3:42] cubic metres. 2. 0°08 cubic metre. 
3. 4090 cubic centimetres. 4, 0:'009 cubic decametre. 
Give the number of /itres in vessels containing 
5, 250 cubic decimetres. 6. 6°97 cubic metres. 
7. 0°046 cubic metre. 8. 16200 cubic centimetres. 
9. 0:075 kilolitre. 10. One million cubic millimetres. 
Express in kilograms the weight of water in vessels containing 
11. 1000 litres. 12. 150 cubic decimetres. 
13. 4°75 cubic metres. 14. 72500 cubic centimetres. 
15. 0:025 kilolitre. 16. 23 millions of cubic mm. 


State in kilograms the weight of the following : 


17. 10 cubic decimetres of copper ; copper being 8°8 times as heavy 
- as water. 


18. 1 cubic metre of elm; elm weighing 0°72 of its bulk of water. 


19, 10 litres of sulphuric acid, this acid weighing 1-84 of its bulk 
of water. 


20. 1 litre of alcohol, the weight of alcohol being 92 per cent. of 
the weight of the same bulk of water. 


21, What weight of water could be held in a tank whose dimensions 
are as follows : 


Length=5 dm. , breadth=4dm., depth=3 dm.? 


156 ARITHMETIC. [CHAP. 


Addition and Subtraction. 


161. Since the place-value of every digit throughout a decimal 
is ten-times the place-value of the next digit on the right, the four 
fundamental processes,» viz. addition, subtraction, multiplication, 
and division may be performed on decimals in exactly the same 
way, as regards numerical work, as if the figures of the decimals 
represented whole numbers.: 


162. In Addition and Subtraction the decimals are to be placed 
so that the units’ figures are in one column, and consequently the 
decimal points in one vertical line. By this means the tenths in 
the given decimals form one column, the hundredths another, and 
so on. And in the result the decimal point will be under those 
of the given decimals. 


Example 1. Add together 14:149, 2°897, and 0°768. 


Explanation. On adding the right-hand (in this 
case the thousandths’) column the result is 24 
thousandths, viz. 2 hundredths+4 thousandths : there- 


tenths 
hundredths 
thousandths 


14:149 fore we set down 4 in the thousandths’ column, and 
2897 carry 2 to the hundredths’ column. Adding the latter, 
0°768 ‘ we have 21 hundredths, viz. 2 tenths+1 hundredth : 


therefore we set down 1 hundredth, and carry 2 to 
the tenths’ column. Adding the tenths, we have 18 
tenths, viz. 1 unit+8 tenths: therefore we set down 
8 tenths, and carry 1 to the units’ column. Thus the numerical work 
as exactly the same as that of adding ontegers. 


EXAMPLE 2. Simplify EXAMPLE 3. Find the sum of 
30°48 + 3 + 206 °321 + 0-0006. 4:23 metres, 350 centimetres, 
and 1] m. 27 cm. 
30°48 
3° 4:23 metres 
206 °321 hei | aaa 
00006 Uh a ee 
239°8016 19-00, or 19 metres. 


EXAMPLE 4. From 1:21 take 0:3708. 


1:2100 Here the vacant places in the upper decimal are 
0°3708 represented by ciphers. The subtraction is performed 
08392 just as if the decimals represented whole numbers, 
ween the reason for the process being analogous to that 


given for Addition in Example 1. 
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EXAMPLES VIII. g. 
Add together 
bei) AOS; 3 de ne 7724," .b,.. 3-8, 3:9 6:07.71, 4°33. 
4, 8, 0°8, 8:08. 5, 0°31, 4:007, 2°683.* 6, 13°002, 5:378, 2°12. 
Find the value of 
7. 36+0°7243°3. 8. .7°1+2°81+0-09. 
9. 0°63+ 9-072 + 300. 10. 14:44+7+0°23 + 8°37, 


li, Add together 27:6 cm., 62 cm., and 123-4 em. ; and give the 
sum in metres. 


12. Find the sum of 0°76 Km., 5 Km., and 1°64 Km. (Answer in 
metres. ) 


13. What is the total distance round a four-sided plot of ground, 
the sides measuring 1°5 Km., 1-21 Km., 0°86 Km., and 730 metres? 
(Answer in kilometres. ) 


14, I spend 13 fr. 90 c. at my grocer’s, 5 fr. 5 c. at the butcher’s, 
buy 45 centimes’ worth of apples, also a book costing 10 francs. . What 
is my total expenditure? And how much have | left out of 30 francs ? 


Subtract 


15. 4°9 from 7:2. 16. 2°4 from 3°81. 17. 0°56 from 1°85. 
18. 0°89 from 1°7. 19. 0°03 from 3. 20. 0:007 from 5:2. 
Find the difference between 

Zl. 0°75 and I. 22. 0°25 and 0031. 93 ‘0-7 and (AUR 


24, 2 and 1-006. 


25. The sides of a triangle measure 4:86 in., 5°52 in., and 3°61 in. ; 
by how much does the sum of the sides fall short of 14 inches ? 


26. A fishing rod is in three pieces whose lengths are 1°33 metres, 
1:06 metres, and 0°9 metre; what is its total length, allowing a loss of 
9 centimetres for the fitting together of the joints ? 


27. I cycle to a Railway Station distant 15:26 Km. ; travel 73°5 
Km. by train, then walk 740 metres to my house: by how much does 
my total journey fall short of 90 kilometres ? 


28. What error is made in taking 6 kilometres as equivalent to the 
sum of 4:206 Km., 0°078 Km., and 1:717 Km.? What fraction is the 
error of the total length ? 


29, From 100 yards of wire I cut off lengths of 14:2 yards, 17:4 
yards, and 3°5 yards. If I call the remainder 65 yards, what decimal 
of a yard do I neglect ?. Shew that the error is more than 3 inches but 
less than 4 inches. 
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30. If I take 16°3 in. to represent the perimeter (7.e. the sum of 
the sides) of a triangle, whose sides are 4°64 in., 5°02 in., and 6°7 in., 
what is my error? Would 16:4 in. be a nearer estimate? 


Simplify the following, affixing, when necessary, a negative sign to 
the result : 

ol. 5+0°07 — 1°63. 32. 0°005 + 2°495 - 1°5. 

33. 1°93: =274. 34, 0°06 -0°6. 

35. 1:234+3°47+2°68 — 7°38. 36. 5°99 - (3°64 + 2°36). 

37. 7-0°7-0:007 - 0:0007. 38. 6-(3°46+7°6) —4°94. 

39. What decimal must be added to the sum of 5°7, 0-08, and 
14219 to make the total 20? 

40. If 4°04+11°4+0°291 + «=16°821, 
what decimal is represented by x? 

41, What decimal must be subtracted from 3 to give the difference 
1°693 ? 

42, What decimals, positive or negative, are represented by x in 
the following statements ? 

(i) 5°68 -x=2°871. (ii) 7°84-x2=10. 

(iii) 13°02-—6°9-x2=5°6 + 18. 

43. Add together 3:92, 14, 0°876, 5°61, 0:0003, and 1°4037.. Give 
the complete result, also the sum correct to the nearest wnt. 


Multiplication of Decimals. 
163. Multiplication by a single figure (integral or decimal). 


ExampeLe. Multiply 4:°397 (i) by 8, (ii) by 80, (iii) by 800; also 
(iv) by 0°8, and (v) by 0°08. 


(i) 4°397 (ii) 4:397 (iii) 4397 
veg "80 800 
35°176 351-76 35176 


In (i) we proceed as if multiplying a whole number, setting down 
the thousandths’ figure in the product under the thousandths’ figure 
in the multiplicand, the hundredths’ figure under the hundredths’ 
figure, and soon. Hence the decimal point in the product falls under 
that of the multiplicand. The reason for the process is the same as 
that given for Addition (Art. 161, Ex. 1). 


In (ii) we multiply by 8 as in (i), and the result by 10; the last step 
being performed by moving every digit in the product one place to the 
left. The two steps are taken together. 

In (iii), to multiply by 800, we multiply by 8 and place each digit 
of the product ¢wo places to the /e/t, taking the two steps together. 


? 
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(iv) 4-397 (v) 4:397 
0°8 0-08 
3°5176 34176 


In (iv), to multiply by °8, or 8 tenths, we multiply by 8, and divide 
the result by 10; the last step being performed by moving each digit of 
the product one place to the right (Art. 151). The two steps are 
taken together. ~ 


In (v), to multiply by -08, or 8 hundredths, we multiply by 8, and 
set down each digit two places to the right. 


Note. It is convenient to notice that if the wnits’ Jigure of the 
multiplier is placed underneath the last figure of the multiplicand, 
then in all the above cases the Jirst figure to be set down in the product 
Jalls immediately below the multiplying figure that produced it. 


164. When we multiply 02 by -4, we multiply 2 by 4 and set 
down the result one place to the right of the multiplied figure ; 


that is ‘02 x -4=008. 
Hence a 2"4 decimal figure multiplied by a 4% decimal figure 
gives rise to a 3", or (2+1), decimal figure. 
Similarly 002 x 04= -00008 ; 
thus a 3" decimal figure multiplied by a 2°¢ decimal figure gives 
rise to a 5", or (342) decimal figure. 


Generally, a@ decimal figure tn the mt place multiplied by a 
decimal figure in the n place gives a decimal Jigure in the (m+n) 
place of the product. 


Nore. From this it may be seen that the number of decimal 
figures in a product is always equal to the sum of the numbers of 
decimal figures in the factors. 


nal 


EXAMPLES VIII. h. 
(Laamples 1-18 may be taken orally. ) 
Multiply 
1, 2°5 by 3. 9, 42 by 4. 3. 0-7 by 6. 
4, 0°9 by 7. 5. 3°5 by 8. 6. 0:04 by 9. 


7, Haplain the reason for each step in the multi- 2°63 
plication shewn in the margin. (Sce explanation of 7 
Art. 163, Ex. (i).) 18°4] 


160 ARITHMETIC. [CHAP. 


8. Each volume of a book is 1°7 inches thick; what is the total 
thickness of 3 volumes ? 


9, If 1 kilogram=2'2 lbs., what is the equivalent of 7 kilograms? 


10. Each side of a square field measures 0°15 Km. ; what is the 
distance all round it (in metres)? ‘ 


11, How many pints are there in 5 litres, if 1 litre contains 
1°76 pints? 


12. When 3°816 is multiplied by 7, the product is 26°712. Read 
off the products when the same decimal is multiplied (i) by 70, 
(ii) by 700, (iii) by 0°7. 


13, Given that 27-08 x 9=243°72, read off the products when 27'08 
is multiplied by (i) 900, (ii) by 0°9, (iii) by 0-009. 


Multiply 
14, 1:07 (i) by 5, (ii) by 50, (iii) by 0°5. 
15, 0°41 (i) by 8, (ii) by 800, (iii) by 0°08. 


16. 2:15 (i) by 06, (ii) by 6000, (iii) by 0-006. 


17. If a figure in the 4th decimal place is multiplied by a figure 
in the 2nd decimal place, in what place of the product should the 
resulting figure be set down ? 


18. Multiply 0:0003 by 0°02; and give the result as a decimal, and 


also in words. 


Multiply 
19. 23°684 (i) by 700, (ii) by 0°07, (iii) by 7 million. 
20. 0:0375 (i) by eight-thousand, (ii) by 0°08, (iii) by zo00- 
- “ ty 9 ca 9 
4: b 102 b ni 
Ale 06 (i) by 9x 10°, (i1) by 10” (iii) by 10 


99. J.walk 115 metres a minute; how many kilometres do I walk 
in an hour? ‘ 


93, Express 0°56 of a right angle in degrees. 


94. How many yards are there in 5000 metres, supposing that 
1 metre =3 2808 feet ? 


95. A manufacturer makes silk for 3 fr. 45 c. a metre, and sells it 
for 5 fr. 30 c. What does he gain on an order for 800 metres ? 


96. Find the total length of 9 rails, each measuring 13 m. 75 cm. 
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165. Multiplication by any decimal number, 


Exampie. Multiply 46°527 by 29°83. 


Since the multiplier 29°83=20+9+°8+°03, we have to multiply 
Separately by 20, by 9, by °8, and by ‘03, and finally to add the 
partial products. | 


The work may be arranged as follows : 


46 °527 
29°83 Begin the multiplication with the digit of the 
930-54 highest order, namely, that on the extreme left ; 
418°743 and proceed with the multiplying digits in suc- 
37-2216 cession from left to right, each partial product 
1°3958] being formed.according to the principles explained 


a in the last section. 
1387°90041 


Nores. (i) If we arrange the work so that the units’ figure of the - 
multiplier stands under the Jast Jigure of the multiplicand, we see 
that in each partial product the Jirst figure set down is placed under 
the multiplying figure that produced tt. | 


(ii) In order to detect any large mistake (such as the misplace- 
ment of the decimal point), it is very desirable before multiplication 
to make’a rough estimate of the required product, so that we may 
know beforehand what sort of result to expect. 


Here, for instance, the multiplicand is a little over 46, and the 
multiplier a little under 30; so that the product should be somewhere 
about 1380, a rough result confirming the position of the decimal point 
in our actual product 1387-90041. ; 


166. Multiplication. Alternative Arrangement. For reasons 
which will appear later (in connection with contracted work), the 
following arrangement of multiplication by a decimal is recom- 
mended. 


ExampLe 1. Multiply 46-527 by 29°83. 


Instead of the actual multiplier take the corresponding decimal of 
standard form (Art. 153) ; that is, move the decimal point (to the right 
or left, as may be necessary) so as to give one integral digit. 


Thus instead of the multiplier 29:83, take 2-983. 


Accordingly the decimal point in the multiplicand must be moved 
the same number of places in the opposite direction. 
Thus instead of the multiplicand 46 ‘027, take 465°27. 
In this case we are dividing one factor by 10, and multiplying the 
other factor by 10, so that the product is left unchanged. 
AR. HS. L 
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The work then stands thus : 


465°27 46°527 x 29°83 
pS ee =465':27 x 2-983. 
eas On comparing the work with that - 
37-2216 given on the last page, it will be 
1°39581 seen that the partial products (and | 
—__— therefore also the final result) are all 
138790041 unaltered by this change. 


ExamPLeE 2. Find the product of 0°02007 and 3568°9. 


Here it is advantageous to take 0°02007 as the multiplier, as it 
contains only two effective digits. 


Rough Estimate. The multiplier is rather more than °02, 2.e. 30> : 
or so; -. the product should be about ='5 of 3569, that is, about 71. 


Move the decimal point two places 


35689 forward in the multiplier, and con- 
___ 2007 sequently two places back in the 
71°378 multiplicand ; that is, mztiply and 

249823 divide respectively by 100. Hence 
71°627823 3568°9 x 0°02007 


= 35°689 x 2-007. 


EXAMPLES VIII. k. 


Multiply 
1. 24by 2:1. 2. 5B by 3-2. 3, 6°5 by 1:4. 
4, 0°35 by 3°4. 5, 0:06 by 5:2. 6, 32 by 3:1. 


7. Multiply 86°54 (i) by 2, (ii) by °3, (iii) by ‘07. 
Hence shew how to multiply 86°54 by 2°37. 
Find the products of 
S40 rand "25. 9, 1°56 and °75. 10, 13 and ‘029. 
11. 1°32and.0-019. 12. 0°:023 and 84. 13. 400 and 3-012. 
14, 46°5 and 0°072. 15. 375and0°88. 16, 42°01 and 20°08. 
17. Given that 1 inch=2°54 cm., express 1 yard in centimetres ; 
also in metres. 
18. Find the cost of 6:4 metres of cloth at 7 fr. 50%c. a metre. 
19. How many pence are there in £0°875? 


Find the value of 
90. 10°3 x 0°243. 91. 8:016 x 125. 99... 84x 0°023. 
93, 0:0087 x 11°9. 24, 640x0°001275. 95. 31°05 x 24°02. 
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26. Find the value of 16x2°5; hence write down the values of 
16x 0°25 and 160 x 0°025. 


Find the area of the rectangles in which: 

27. Length=6'4in., breadth=4°5 in. [Ans. in sq. inches. ] 

28. Length=9°75 m., breadth=8'4m. [Ans. in sq. metres. | 

29. Length=1 ‘45 m. , breadth=80 cm. [Ans. in sq. metres. ] 

30. Which has the greater area: a square on a side of 10 inches, 


or a rectangle measuring 10°1 in. by 9°9 in.? State in words the 
difference of area. 


dl. A rectangular piece of ground measures 2 Km. 375 m. long by 
1 ‘Km. 800 m. wide. Express these dimensions in kilometres, and 
then find the area. . 


32. Hind the total steam pressure on a square plate, each side of 
which measures 4°6 inches, at the rate of 15 lbs. per square inch. 
33. Write down at sight the continued products 
Gi) SCT rs (ii) ‘07 x ‘07x 1000, (iii) °7 x 07 x ‘001. 
34, Find the value of ; 
(i) 100x 1°6x 0125, = (ii) 2°55 x 6-4. x« +16, (iii) 12°7 x ‘15 x 40. 
do. Assuming that the circumference of a circle is given (very 
nearly) by the formula 
circumference = diameter x 31416 ; 


"find (i) The circumference of a bicycle wheel, 28 inches in diameter. 
(In your answer discard all fractions of an inch beyond 
tenths. ) 


(11) The length of a circular track whose diameter is 450 feet. 
(In your answer. give merely the nearest whole number 
of feet.) 


(iii) The length of a steel wire, which, evenly laid, goes 40 times 
round a winding-drum 15 feet in diameter. (In your 
answer give only the nearest whole number of feet.) 

Find in grams the weight of the following : 


36. 36 cubic cm. of silver; silver weighing 10°5 times its bulk of 
water. (See Art. 160.) 


37, 0°28 cubic dm. of mercury ; mercury being 13°5 times as heavy 
as water. 


38, 3°2 cubic cm. of gold; gold being 19°25 times as heavy as water. 
Find in kilograms the weight of 
39. 5 cubic metres of earth, weighing 1:15 times its bulk of water. 


40, 375 cubic metres of coal, which weighs 1:28 times as much as 
water. 
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Find the value of 
41, 0:0875 x 50 x 0°8. 49. 125x322 B70. 
43, (0°2)? x (0°5)? x 200. 44, 1:625~x (0°4)?x0°5. 


Division of Decimals, 
167. Division by a single figure (integral or decimal). 
Examete 1. Divide 45°71 by 7. 


7| 45°71 Divide throughout just as if the figures of the decimal 
6°53 represented a whole number, placing the decimal point 
one in the quotient under that in the dividend. 
Explanation. 


(i) 45 divided by 7 gives 6 wnits, and 3 units over. 


(ii) 3 units+7 tenths, viz. 37 tenths, divided by 7 gives 5 tenths, and 
2 tenths over. 


(iii) 2 tenths+1 hundredth, viz. 21 hundredths, divided by 7 gives 
3 hundredths without remainder. . 


EXAMPLE 2. Divide 0°CO72 by 9. 


Here in the quotient there can be no wnits, no 

9 | 0:0072 tenths, and no hundredths. Beginning the division 

0-0008 therefore at the thousandths, we say: ‘‘9 into 

ee 7 thousandths gives O thousandths; 9 into 72 
ten-thousandths gives 8 ten-thousandths.” 


ExAMPLe 3. Divide 0°38 by 8. 


8 | 03800 Here on dividing 38 hundredths by 8, we have 
0:0475 4 hundredths, and 6 hundredths over. 


If now we add ciphers to the right of the dividend (thereby not 
altering its value), we are able to carry on the division until it 
terminates. 


Exampue 4. Davide 4°72 by 9. 


9| 4°72000... In this case the process of division can never 
052444 terminate. For, following out the work as in 
Seiemeammaed the last example, we say 


(i) 9 into 47 gives 5, and remainder 2 ; 
(ii) 9 into 22 gives 2, and remainder 4 ; 
(ili)\.9 into 40 gives 4, and remainder 4. 


From this point if the process is continued, the same quotient figure 
and the same remainder must be continually repeated. 


\ 
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Nore. Results of this kind will be explained later on. Meantime 
the beginner may be told that no difficulty will result from this 
indefinite extension of the quotient. For owing to the very rapid 
decrease in the place-value of successive decimal Jigures, figures beyond 
the first few places denote quantities relatively so small, that in most 
practical calculations they may be omitted without materially affecting 
the result. 


Exampie 5. Divide 4:3778 (i) by 0-007, (ii) by 700. 


Here we must multiply or divide (as may be necessary) both divisor 
and dividend by the same power of 10, namely that power which will 
give the divisor a single integral figure. The work will then follow the 
method already explained, and the quotient will be unaltered by the 
change. 


(i) 43778 _4377°8 
0007 7 
4:3778 _ 0-043778 
700 S00 


= 625°4. 


(1i) = 0006254. 


168. If the divisor is a whole number readily expressed in 
factors, we may divide by each factor in turn, using short division. 


Exampie. Divide 25°645 by 315 correct to four decimal Jigures. 


9.| 25-645 


3152 7| 2°84944... Here the divisor=9 x 7x5; and the result 
ae oa true to the 4*» decimal figure (or the nearest 
ten-thousandth) is 0:0814. 


0°08141... 


EXAMPLES VIII. 1. 
(Examples 1-20 may be taken orally.) 


Divide 
Pee Gro. by: 3. 2, 5:2 by 4. Gos DUB yee 
4, 5°6 by 8. 5, 4:3 by 6. 6. 3°69 by 3. 
Complete the following statements : 
NS MIR 
8] y ; 
10. eT, OT 70. eae 
13, + of 5:28= ; 14, 7:2x2t= oe) LB.) 0:27 45S 


16. Hxplain the reason for each step in the division 7|0°245 
shewn in the margin. 0°035 
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17. <A line 3°5 inches long is divided into 5 equal parts: how many 
tenths of an inch are there in each part? 
18. If 9 yards of material cost 6°30 fr., what is the cost of 1 yard? 
19. How far do I go in 15 minutes, if I walk 6-4 Km. an hour? 


20. If £4°8 is to be divided equally among 8 people, how many 
tenths of £1 would each get? What would each share be worth in 
shillings ? 


Divide 

21, 11-22 by 6. 99, 1-841 by 7. 93, 0°342 by 9. 
24, 0°0504 by 8. 25. 0°38 by 5. 26. 1°71 by 4. 

97, 218-4 by 80. 98, 47-7 by 90. 29, 190°8 by 600. 
30. 3°75 by 0°5. 31. 2°66 by 0°7. 32. 0°585 by 0°09. 


33; Divide 3°3 by 8; hence find the values of 33+ 80, and 0°33 +0°8. 


Find the value of 


1 ; 23°7 oy ae 0:0413 
B47 Ono]. eS 36. 7:38+0-06. 37. ae 

Tei 1802°7 Pees 0-003 
38. 5°3=002 39. “Gt. 40. 0-01+0-002, 41. T. 
49, 7 of 546. , 43, 5-18x,k. - 4h 12124, 45, 2a 

fi 1 

+O. . 18. ane ® : 

46, 59+8 47 8 43:57, 49. 0-29x 


50. A vessel steams 193°95 Km. in a 9 hours’ trial trip: what is her 
average speed per hour ? 


51. <A profit of 8368 dols. 80 cents has to be divided among 80 


share-holders : what does each receive ? 


52. If 400 revolutions of the driving wheel carry a bicycle 1001 
yards, find the circumference of the wheel in inches. Give your 
answer to the nearest tenth of an inch, and note the error you thus 
incur. 


53. The total length of 500 steel rails is 6°045 Km.; what is the 
length of each rail in metres ? 


54. In a geometry lesson five boys independently measure the 
lengths of a straight line. Their records are 7°05”, 6:98’, 7:00”, 6:99”, 
and 7°03”. Find the average of these measurements. 


55, A pile of metal discs is 27°3” in height: if each dise is 0:7” 
thick, how many are there in the pile? 
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Divide, giving the quotient correct to the 4% decimal place, 
56. 4°7 by 6. 57, 3°6 by 9. 58:0 Ei Dyed: 
59. 1 by 9. 60. 4 by 7. 61. 18 by 11. 


Divide, using the method of factors, 

62. 155°4 by 42. 63. 45°92 by 56. 64. 15°12 by 168. 
65. 9°046 by 135, correct to the 3”¢ decimal figure. 

66. 349°968 by 385, correct to the nearest thousandth. 


Obtain the quotients of the following to the nearest ten-thousandth : 
67. 6°13+15. 68, 23+36. 69. 065+ 56. 


169. Division by any whole number or decimal. From what 
has gone before it is clear that when the divisor is any whole 
number or decimal, the figures of the quotient will be found by 
long division just as if both divisor and dividend were whole 
numbers. All that remains is to fix the position of the decimal 
point in the quotient. 


EXAMPLE 1. Divide 3:3562 by 0:097. 


Instead of the actual divisor take the corresponding decimal of 
standard form; that is, move the decimal point (to the right or left as 
may be necessary) so as to give one integral digit. 


To compensate for this change, move the decimal point in the 
dividend the same number of places in the same direction. 
3°3562 33562 
CO, 87 . 
for we have multiplied both denominator and numerator by 100, the 
quotient being therefore unchanged. 


Thus 


The new divisor 9°7 lies between 9 and 10, and the new dividend 
is a little over 335; so that the quotient will evidently have two 
mtegral figures. 


34:6 = Quotient. It is convenient to write the 
vee quotient over the dividend, first 


9°7 ) 335°62 placing the decimal point of the 
291 former over that of the latter. 
446 Now divide as if both divisor and 
388 dividend were whole numbers, so 
582 placing the figures of the quotient 
589 as to give two integral digits. 


Thus 33562 + 0:097 =335°62 + 9:7 =34°6. 
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EXAMPLE 2. Divide 15°8055 by 257. 

15°8055 _0°158055 
Bd]. > Be, 

(dividing denominator and numerator by 100). 


And since the new divisor lies between 2 and 3, we see by trial that 
the first figure in the quotient will. be in the hundredths’ place. 


Here 


FuLtu Work. ABRIDGED BY ITALIAN METHOD. 
00615 = Quotient. 00615 = Quotient. 
2°57 ) 0:158055 2°57 ) 0°158055 
1542 385 
385 192 
257 1285 
1285 
1285 


*. 15°8055 +- 257 =0°0615. 


Notr. If the divisor is a whole number, the work may be done 
as follows, without first preparing the divisor and dividend. 


0:0615 = Quotient. Here since 257 into 15 units will 

. 1 -QQRe not go, we set down O as the units’ 
or) Zz fie figure of the quotient and place 
— the decimal point above that of 

385 the dividend. Next, 257 into 158 

257 tenths gives no tenths, therefore 

1285 we set down O in the tenths’ place 

1285 of the quotient. Then 257 into 


1580 hundredths gives 6 hun- 
dredths ; and from this point the work follows the ordinary course. 


EXAMPLES VIII. m. 


Divide 
1, 1:95 by 1°5. 2, 1:98 by 1°8. 3, 5°52 by 2°4. 
4, 73°1 by 43. 5. 59:2 by 37. 6. 375-2 by 67. 
7. 0-943 by 0-41. 8, 3°23 by 0-19. 9, 3-285 by 7°3. 


10, 25:48 by 91. 11, 8-547 by 0-077. 12, 15°812 by 23°6. 


Find the value of 

13. 40°6+290. 14, 0°01426+0°031. 15, 2075+8°3. 
2044 4.°4226 0°3 

18, ae 5 a 1g, oe 
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19. Divide 30:26 by 89; then write down the values of 302°6 8-9, 


and 3026 
890 ~ 

20. Divide 18°53 by 10°9; then write down the values of 1853 
and 109" 


21. The product of two quantities is 10°22; one factor is 280; 
what is the other? Without further numerical work write down the 
quotients of 1°022+2°8, and 1022+ 0°28. 

22, Find the value of x, where (i) anes 


(iii) 8-2x2=319'8. (iv) xx2-8=4'8x3°5. 


(ii) 2 x 4°7=33°87. 


23. How many persons could receive 5 fr. 65 c. from a fund of 
1210 francs, and how much would be left over ? 


24, How many steel rails, each 12°2 metres in length, would be 
wanted to lay 18°300 Km. of double line? 


25. If 1 yard=91:44 cm., how many centimetres are there in 
1 inch? 


26, Find the value of 1 metre in terms of feet, supposing that 
1700 metres = 5576 feet. 


27. What is*the width of a sheet of paper whose length is 12:5" 
and area 92°5 sq. in.? 


28. The area of a rectangular courtyard is 407°79 sq. metres, and its 
length is 23°64 metres, find its breadth. 


Simplify the following : 


72x 8-4 5°6 x 14°4 0°085. 
Oy a 063 — ee 0°34 x 1:25 


29. 


Divide, giving the quotient correct to the 4% decimal place: 


32. 0°05 by 6. 33. 1440°1 by 18. 34, 2°71 by 13. 
Divide, giving the quotient correct to the nearest ten-thousandth : 
35, 0°08571 by 25°603. 36, 4°6513 by 596°8. 
37. 28°294 by 21°37. 38. 2°6576 by 72°81. 


39, From the following equations find the value of x, retaining only 
3 decimal figures in the result : 


(i) «x 79=500. (ii) 23x"=11'87. (iii) & x 2°735 = 7-29. 
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40. Assuming that in a circle 
circumference = diameter X 3'1416 (nearly) ; 


find (i) the diameter of a circle whose circumference is known to 
be 49°6 inches. [Give the result true to the nearest tenth 


of an inch. } 


(ii) the diameter of a wheel which makes 500 revolutions in 
running a mile. [Give the result true to the nearest 
hundredth of an inch. ] 


41. Equal lengths of 0°42 inch are marked “off along a rod 
19 inches long. How many such lengths would there be, and what 
would be the remainder ? 


42. Find the remainder when 37°8241 is divided 
G) by 9, (ii) by: 12) oie 203, (iv) by 90rL 


Decimals and Fractions. 


170. To convert a decimal into a common fraction. The method 
will appear from the following examples. 


EXAMPLE. Find fractions equivalent to 
(i) 0°237, (ii) 14°63, (iii) 0°0029. 


1 = 3 _ 20043047 
(i) 0237=75+ 700+ 1000=— 1000 — 
= {Poo 9, or 237 thousandths. 


Or thus: 0:237 = 237 + 10° =37355- 
(ii) 14°63=1463 + 10?=1483, 
(iii) 0:0029=29 + 104=_ 8. 


Thus in each case the numerator is the number formed by thé figures of 
the given decimal, and the denominator is that power of ten which corre- 
sponds to the number of decimal figures. 


The following equivalents should be verified and remembered. 


171. To convert a fraction into a decimal. Here we have to 
express the given fraction in tenths, hundredths, thousandths, ete. 

Now a fraction may be regarded as the quotéent obtained by 
dividing the numerator by the denominator. Thus we have 
merely to divide the numerator by the denominator and to express the 
quotient decimally. 
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ay my TA . 
EXAMPLE. Convert (i) Toooo (1) srs ito decimals. 


(i) >3pg9 = 317 + 104= 0317. 
(ii) JEZLIOGXT 106 5 | 106-0 
STS A126X7 176 5} 21°2° 
= 106 + 125 5} 4°24 
= 0°848. 0°848 


The above method applies to all fractions, but the division 
will not usually terminate. 


ExamMPie. Find decimals equivalent to (i) $, (ii) 


f “ae ete eR Cnr 6 | 5:0000... 

(1) ¢=5+6=0°8333 .... 08838... 
Here, after the first step of division, the remainder is 2. Now 
6 into 20 gives 3, and again the remainder is 2. Thus in the quotient 
the figure 3 will be continually repeated, and the process will never 

terminate. 
0°1237... = Quotient. 
396 ) 49-0000... 


(ii) ~49,=49 +396 940 
=O-1287875 52 1480 

2920 

- 1480 


Here, after the second step of division, the remainder is 148, and 
the next dividend is 1480. The next two figures of the quotient are 37, 
when again the remainder becomes 148, and the next dividend 1480. 
Therefore in the quotient the figures 37 are repeated, and so on without 
limit. 

172. Decimals in which one or more figures are continually 
repeated in the same order are called recurring, repeating, or 
circulating decimals; and the figures thus repeated form the 
recurring period. The recurring period is shewn by placing a 
dot over its first and last figures. 


Thus 08333... is written 0°83 ; 
and 0:123737... is written 0°1237. 

Observe that 0°83 =0°833 correct to the nearest thousandth [Art. 149] 
and 01237 =0'124 ’ - p 


173. In converting a fraction into a decimal we divide the 
numerator by the denominator, afi«ing ciphers to the numerator 
as may be required. Therefore all twos and fives contained as 


factors in the denominator will eventually divide ont, leaving no 
remainder ; and if there is no other factor, the quotient will terminate. 
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If however the denominator contains any factors other than 2 and 
5 (the fraction being in its lowest terms), there will always be a 
remainder, and the resulting decimal will not terminate. 


Notre. A fraction whose denominator has no other factors than 
twos and fives may be decimalized thus : 


(j) 106_106 _106x8_ 848 
125° 5 x2 10° 
7 7 _7x625 4375 


O) 7g =o =o = 108 


= 0°4375. 


174. The notation of fractions may often be usefully combined 
with that of decimals. 


For instance, just as 385 denotes 3 tens +82 units (or 385 units) ; 
So 383 may be taken to denote 3 tenths+83 hundredths (or 
382 fine edths). 


By this means the exact decimal value of a fraction may be 
represented at any stage. 


ExampLe 1. Hxpress z's in tenths, hundredths, thousandths, and a 
fraction of one thousand. 


13 | '7:000 Here, after three steps of division, 
0°538, rem* 6 thousandths. the remainder is 6 thousandths ; 


and 6 thousandths + 13 = 75 of one-thousandth. 


Hence the quotient is completely represented by 0°538;°5- 


Notrrt, Here 73 affixed to the 34 or thousandths’ figure is the 
equivalent of all 13, figures of the decimal after the 3". This fraction, 


being less than 4, shews that the equivalent of 7's is 0°538 true to the 
nearest thousandth. 

This notation sometimes saves labour in converting a decimal into 
a fraction. 


EXAMPLE 2. Convert 0:09375 into a fraction. 


Since 375 — od 


8 
9S _ 75 _ 3 


09375 = teh; S007 32° 
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EXAMPLES VIII. n. 


Express the following decimals as fractions in their lowest terms. 


1. 0°65. ee OS. 3.3 ONS0: 4, 0°44. 

J, °° O'S. 6. 0:0125. tie RED: 8. 0:°1875. 
Express as decimals 

9. Yoo: 10. 3r550- ll. too: 12." rosdT0- 


13. 13 thousandths. 14, 52 hundred-thousandths. 15, 73 millionths. 
Convert the following fractions into decimals : 


Trea 3h 18 98, gees 99. oh 
_ 21, State (without actually performing the work) which of the 
following fractions give rise to terminating and which to non- 
terminating decimals. Give your reason in each case. 


(vi) 375: (vil) ois: (viii) ois: (ix) a (x) aeo 


Express as decimals correct to the third decimal Jigure 


Dek is f 23. 275. , 24. Sate, ; 25. uN 26. 733 . 


27, Represent the decimal equivalent of 7% as nearly as possible 
with (i) one figure, (ii) two figures, (iii) three figures, (iv) four figures. 


Express. the following fractions in tenths, hundredths, thousandths, 
and the fraction of a thousandth. Hence give the decimal values correct 
to the nearest thousandth. 


98. 5. Beene, 0. 4d. wine 39. 


Find the equivalents of the following fractions (i) as recurring 
decimals; (ii) as three-figure decimals with fractional remainders ; 
(ili) as nearly as possible with three decimal figures. 


33. 3, 3. a4. 3,5, t. 38. fh ep Tr 36. +, 3, 2. 
of. $2. 38. +2 39. 45%; 40. 2ii. 41. 5g. 
Write down the following in their complete decimal form : 
42. 27133. 43, 0°322. 44, 3192. 45, 5°32,5. 
‘Convert into fractions by the method of Art. 174, Ex. 2: 
46. 0°4375. 47, 0°1875., 48, 0°03125, 49, 0:071875. 
50. Convert into decimals at sight : 

eT | Rie TD dv 7 : 11 

(i) aa (ii) 53 (iii) Boe (iv) BOF 


CHAPTER IX. 


DECIMAL REDUCTION OF COMPOUND QUANTITIES. 
DECIMALIZATION OF MONEY. 


175. We have already seen [Art. 150] that if the Tables are 
constructed on the decimal (or centesimal) scale, all processes of 
Reduction from any one denomination to any other, either higher 
or lower, can be performed at sight without numerical work. 
For example : 


(i) 8m. 5 cm. 7 mm. =8-057 metres. 
Gi) 4 fr. 37 ¢. = 4°37 francs. 
Conversely, 
(iii) 0°03809 kilometres=38 m. 0 dm. 9 em. 


(iv) 18°06 dollars =18 dols. 6 cents. 


In all other Tables these processes must be worked by methods 
of successive division or multiplication. 


EXAMPLE 1. Reduce £3. 5s. 43d. to pounds, expressing the result 
decimally. 


12|4°5 are: Set down 43d. as 4°5 pence, 
20|5°375 — shillings and divide by 12; this gives 
3:26875 pounds 43d. as the decimal of a shilling. 


Bring down the 5 shillings, and divide by 20; this gives 5s. 43d, as 
the decimal of a pound. Finally bring down the £8. 
Hence £3. 5s. 45d. =£3-26875 
or 3°26875 of £1. 


EXAMPLE 2. Express £5. 13s. 4¢d. in pounds, (i) correct to the fifth 
decimal figure ; (ii) correct to the nearest thousandth of a pound. 


12{ 4:25 grees The work proceeds as be- 
20 | 13°354166... shillings fore, but neither division 
5'667708... pounds verminates. 


Thus £5. 13s. 4¢d. =£5°66771, correct to the 5*» decimal figure 
= £5°668, correct to the nearest thousandth. 
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_ EXampte 3. Reduce 5 ac. 2 r. 34 p- (i) ¢o the decimal of 1 acre ; 
(ii) to the decimal of 8+ acres. 


(i) 40|84-00 poles (ii) 57125 85 
4) 2°85 roods Bs PN 
5°7125 acres 2 ke 22°85 
ae Ob 20742 fon 
0°69242... 
Hence 
(i) 5ac. 2r. 34 p. =5°7125 of 1 acre. 
_ (ii) req’ decimal of 8+ acres =? 12 —0-6024, correct to the 


4 nearest ten-thousandth. 


EXAMPLES IX. a. 


Express as decimals of 1 shilling: 


1. 6d. 2, 3d. ae. 0d. 4. 43d. 

5. 103d. - 6.> 82d. 7. 62d. 8. 4d. 

Express as decimals of £1: 

9, 5s. 10. 15s. Tien 2s. 6d. 12. 4s. 6d. 

43. 12s. 6d. 14:;.°* (52, CO epee hls. 6d, 16, ls. 3d. 
bas. £95. 6s. 6d. 18, £7. 8s. 6d. 19, £8. 14s. 6d. 

Reduce to pounds, expressing the result decimally : 

20. £4. lis. 6d. 21. £3. 15s. 6d. Zeit. Sly OS aoe 

93, 8s. 9d. 24, £8. 178. 9d. 25. £5. 88. 13d. 


_ Express as decimals of £1, correct to the nearest thousandth : 
26. £11. 13s. 103d. 27. 16s. Td. 28. £8. 15s. 4d. 


Express as decimals of £1, correct to the 4% decimal Jjigure : 
29. £2. 10s. 8id. 30, £5. 7s. 51d. 31. 3s. 43d. 


32. Express 5 tons 13 cwt. 3 qrs. as the decimal of 1 ton. 

33. Reduce 4 ac. 1 r. 36 p. to acres and the decimal of an acre. 
34, What decimal is 5 yds. 1 ft. 6 in. of 1 mile? 

385, Express 2 tons 3 ewt. 7 lbs. as the decimal of 5 tons. 

36, What decimal is 19s. 92d of 25 shillings? 
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176. Conversely, Reduction from a higher to a lower denomina 
tion requires successive multiplication. 


Example 1. Hxpress £8°715 im £., 8., d., (i) exactly ; (ii) correct t 
the nearest penny. 


8 ue pounds Here we reserve the £8 for the answer, anc 
RE he, SN multiply the decimal only by 20, to bring it t 
14°30 shillings shillings. Next we reserve the 14 shillings foi 

"12 the answer, and multiply the decimal only by 
12 to bring it to pence. 


3°6 pence 
Thus, £8°715=£8. 14s. 3°6d., or £8. 14s. 4d., to the nearest penny. 


EXAMPLE 2. Find in compound quantities the value of 


(i) 1°788 of 5 yards ; (ii) 0°28125 of 7 tons. 
(i) 1°788 (ii) 0°28125 
eae ee 
8:940 yards 1°96875 tons 
3 20 
2°82 feet 19°375 cwt. 
12 4. 
9°84 inches 1°5 qr. 
*, 1°788 of 5 yards “. 0°28125 of 7 tons 
= 8 yds. 2 ft. 9°84 in. (exactly), = 1 ton 19 ewt. 13 qr. 


or 8 yds. 2 ft. 10 in., to the nearest inch. 


177. We reserve for Chapter x1. discussion of the following 
processes : 


(i) To find the value of a decimal of a compound quantity ; e.g. 
to find 3°27 of £5. 4s. 7d. 


(ii) To express one compound quantity as the decimal of another 
compound quantity ; eg. to express 2 tons 7 cwt. as the 
decimal of 7 tons 3 cwt. 2 qrs. 


178. Approximate results. It is important to notice that 
£001 (or £yg00) is a little Jess than one farthing (or £5%7). 
Hence any decimal of £1 corrected to the nearest thousandth (or 
3° decimal place) must yield a result within one farthing of the 


true value. 


For example: £3°40682...=£3°407 nearly; the error being less 
than £:001, and therefore less than 1 farthing. Hence to reduce 
£3°40682...to £. s. d. and the nearest farthing, it is sufficient to 
work with £3°407 (by the method of Art. 176, Kx. 1). 
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179. Again, in order to reduce a decimal of 1 ton to pounds, 
we multiply by 2240; and this number being less than 10000 or 
' 10*, we see that if a decimal of 1 ton is correct to the 4t decimal 
figure, it will yield a result true to the nearest pound. 


Thus 4:0316824 of 1 ton ) give results which differ by less 
and 40317 of 1 ton f than 1 Ib. 


EXAMPLES IX. b. 
(Zxamyples 1-12 may be taken orally. ) 


Find the number of shillings in 


| es 3 yee IR » 3, £09. 4, £0°05. 
5. £0°55. 6. -£0°65. fe £0°80. 8. £0-95. 
Find the number of pence in 
Su. 075s. 10. 0°125s. 11, 0°625s. 12. 0°875s. 
Reduce to £. s. d., giving the exact results: 
Ho. £3°225: 14, £5°425. 15, 9°875 of £1. 
16. £2-0875. PU 211 5625. 18. 0°40625 of £1. 
Find, correct to the nearest penny, the value of : 
19. £4°63. 20, £5°72. 21. 14°823 of £1. 
Find, correct to the nearest Jarthing, the value of : 
22. <£9°89. 23. £0°634. 24, 11°047 of £1. 
Find in £. s. d. the value of the following, giving the exact results : 
25; 0°28125 of £2. 26,° 2°10625 of £3. 
27. 3°11875 of £5. 28. 0°53125 of £10. 


Find the value of 

29. 7°304 of £9, correct to the nearest penny. 

30. 0°78 of £11, correct to the nearest Sarthing. 

Reduce 

mye £5. 15s, 45d. to the decimal of £4, correct to the 4 figure. 


o2. £7. 98. 4d. to the decimal of £8, 
_ 383, £15. 17s. 8d. to the decimal of £40, 


34. £11. 7s. 92d. to the decimal of £1285, 
AR. H.S. M 
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ee ee ee ee eh ey 


MCS OM Re RR CIM MA MP Oe IC) 


178 ARITHMETIC. [CHAP. 


Find in compound quantities the value of 


35. 1°8875 tons. 36. 6°475 acres. 37. 0°895 of a day. 
38, 2-03125 miles (in miles and yds.). 89. 0:0425 of 10 tons. 
40. 0:9375 of 7 tons.’ 41. 9:9375 of 3 guineas. 


42. What decimal of a guinea (correct to the 4t® place) is 12s. 9d.? 
43, What decimal of oF acres is 3r. 10 p.? 
44, Express 9 wks. 5 days 6 hrs. as the decimal of 5 years. 


Discarding unnecessary decimal figures, find, correct to the nearest 
farthing, the value of 


45. £4°324814. 46. <£3°07179. 47, £0°70996. 
48, £0:099872. 49. £777. 50. £0°753. 


51. To how many places must a decimal of 1 metre be correct to 
give a result true to the nearest millimetre? 


52, To how many places must a decimal of 1 ki/ometre be correct to 
give a result true (i) to the nearest metre, (ii) to the nearest centimetre ? 


53. Prove that a decimal of 1 mile correct to the 4 place will give 
a result true to the nearest foot. 


54, 'To how many places must a decimal of 1 acre be correct in order 
to give a result true to the nearest square pole? 


Discarding unnecessary decimal figures, find the value of 
55. 4:23784 of 1 metre, in millimetres, to the nearest mm. 
56. '7:09978 of 1 kilometre, in metres, to the nearest bectte 
57, 0:017492 of 1 ton, in pounds, to the nearest pound. 

58. 0°218971 of 1 mile in yards, to the nearest yard. 

59. 4°72082 acres in square poles to the nearest unit. 


60. 0°172 of 1 mile in yards and feet, to the nearest foot. 


180. Decimalization of money at sight. The words ¢o deci- 
malize in this section will mean to eapress decimally in terms of £1. 


The one-thousandth part of £1 (or £:001) will be called a mil. 
Observe that £1=960 farthings=1000 mils ; 


hence 24 farthings= 25 mils. 
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181. Zo decimalize any number of shillings (less than 20). 


Since 1 shilling =£,,=£°05 ; 
13 shillings =£'05 x 13=£'65 ; 
and 18 shillings =£:05 x 18=£°90. 


Thus to decimalize shillings, we multiply the number of shillings 
by 5, and prefix the decimal point. 


182. To decimalize any number of farthings (less than 48), 


Since 24 farthings=25 mils=£-025 ; 
“. 1 farthing = £°001.4, ; 
so that 9 farthings = £:009s. 
Similarly 21 farthings = £02134 ; 
and 38 farthings = £03835 = £03914. 


In each case the decimal equivalent may be carried to any 
. number of figures by decimalizing the terminal fractions. 


ExampPie 1. Decimalize 12s. 44d. 


Here 12s, — £'60 
45d. =18f.=£-0184 ; 


This process should be performed mentally at one step. 


Note. By observing whether the terminal fraction is greater or 


less than $, the decimal may be at once written down correct.to the 
third figure. 
For example, £°6183 = £°619, correct to the 3" decimal place. 


Exampie 2. Decimalize 8s. 94d., correct to five figures. 


Here 8s. == £°40 P 
94d. Ee tt Fe» 0383 8 eae, 03955 4 


. 8s. 95d. = £:439,5 =£°439583.... 
Notr.' We have seen that ls. =£°05 ; 
hence 6d. =£:025., 
Or otherwise: 6d. =24f. =25 mils=£-025. 


It is useful to remember this equivalent. 
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EXAMPLES IX. c. (0rai.) 
State as decimals of £1 
Ae 238; ae Se ie ge} fs 
hy. Ils, 6c. 6. 9s. 6d. 7. 16s. 6d. 8 Ya. Ba: 


Read off as decimals of £1 as far as thousandths and fractions of a 
thousandth : 


9. 1a. 10. 2d. 1. 339d. 1 ee 
13. 71d. 14. sid. 15. 10d. 16. 112d. 


Decimalize at sight (i) as far as thousandths and fractions of a 
thousandth ; (ii) correct to the nearest thousandth : 


17)£2. 78. lds’ 18. £3. lls. 4d. 19. £7. 14s. 5d. 
90. £4. 8s. 7d. 91. £5. 18s. 65d. 99, £18. Os. 92d. 
Read off the complete decimal equivalents of 

93, £2. 11s. 3d. 94, £5. 2s. 3d. 95. 14s. léd. 
96. £16. ls. Zid. 27, Bs. 10gd. 98, £22. 4s. 43d. 
99, 9s. 2id. 30. £11. 4s. 54d. 31, 17s. 32d. 
Decimalize at sight, correct to five decimal places : 

32, 4s. ld. 33, £3. 14s. 2d. 34, 9s. Osd. 

35, £1. 3s. 35d. 36. 7s. dtd. 37. lls. Qed. 
38, £8. 10s. 43d. 39, 18s. 10zd. 40, £3. 14s. 22d. 
41, 16s. 6¢d. 42, £2. 14s. 8d. 43, 12s. 114d. 


183. Converse Process. To read off a decimal of £1 as shillings, 
pence, and farthngs. 

We have seen that any decimal of a pound corrected to the 3 
decimal place gives a result within a md/, and therefore within a 
farthing, of the true value. [See Art. 178.] Hence for practical 
purposes we need retain no decimal figure beyond the third, this 
figure being duly corrected. 


184. In a decimal of £1 the first two decimal figures taken 
together denote hundredths. Now 1s.=5 hundredths of £1; there- 
fore the number of shillings is found by dividing the first two decimal 
figures by 5. 

Thus £°75 =(+ of 75) shillings=15s. 

£8 =(4 of 80) shillings=168, 
£:371= 7 shillings +a remainder. 
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The last example may be written 
£°371=£°'35+ £:021 
=7s. +21 mils. 


If then we treat each mil as roughly equivalent to 1 farthing, we 
get 21 farthings, or 5¢d. This result is evidently a little too great. 


185. In counting mils as farthings the error increases with the 
number of mils so treated, at the rate of 1 in every 25 mils or 
roughly } in every twelve mils. Hence a result true to the 
nearest farthing may be obtained thus: 


Count as farthings any number of mils ranging 
from 1 to 12, without correction (the error being less than sf.) : 
from 13 to 36, subtract 1 (the error being between 4 f. and 13 Ligh 
from 37 to 48, subtract 2 (the error being between 14 f. and 27). 
Thus £:009= 9 farthings (no correction) =21d, ; 
£032 =32 farthings (less 1) = 73d. 
£:044=44 farthings (less 2) =105d. 


ExampLe 1. Lvaluate £0°372 to the nearest Sarthing. 
The mental process is performed thus: 
5 into 37 gives 7 (set down 7s.) ; remainder 22 mils. 
4 into 24 (22 less 1) gives 5+. 
. £0°372="7s. 5¢d., to the nearest farthing. 


This process is known as the Five-and-Four Rule. 


» Exampie 2. Reduce £6°39683 to £. s. d. and the nearest JSarthing, 
Here £6°39683 = £6°397 (correct to the 3" decimal figure). 
Now 5 into 39 gives 7, remainder 47 mils. 
4 into 45 (47 less 2) gives 112. 
. £6°39683 = £6. 7s. 1ltd. 


EXAMPLE 3. ind to the nearest penny the value of £4:29, 


Here £4°29=£4-2929,..=£4:298, correct to 3r4 place, 
=£4. 5s. 10d., to the nearest penny. 
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EXAMPLES IX. d. 


Read off in £. s. d. correct to the nearest farthing : 


1. £0°475, 2. £0°825. 3. £0°307. 
4, £07559. 5. 0-661 of £1. 6. £0°460. 
7. £0:089. 8, 0°192 of £1. 9, 0-497 of £1. 
10. £3-098. MW, £21111 12. £7°509. 
13. £43, 14, £4-03. 15. £4-003. 


Evaluate at sight to the nearest. penny, by first correcting to the 
34 decimal place : 


16. £9°42791. 17. £0:0299. 18. £4:82529. 
19. £4:63219. 20. £7°4168. 21, £0919. 
99. £2°36i8. 93. 0-371 of £1. 24, £2-09. 


25. Prove that 4d. is equivalent to £:001 x (1+ sz): 


Express the difference between one farthing and one mil as the 
decimal of £1 correct to six decimal places. 


27. Explain each step in the following work : 
17s. 113d. =8 florins +3 sixpences + 22 farthings 
=2°8 + £°075 + £(-022 + -001 x 32 
=£°898 to the nearest thousandth. 


28, Find the value of 2°624 of £5 as the decimal of £1; and read 
off the result in £. s. d. 


29. Express as a decimal za0 of £463; and read off the result in 
£. s. d. to the nearest penny. 


30, Find 4 per cent. of £632 to the nearest penny. 


CHAPTER X. 


DECIMAL. APPROXIMATIONS. LIMITS OF. ERROR. 
SIGNIFICANT FIGURES. CONTRACTED METHODS. 


186. We have already seen [Art. 149] how to modify a decimal 
so as to represent its value as correctly as possible with one, two, 
threé, ... decimal figures ; in other words to give an approximation 
true to the nearest tenth, hundredth, thousandth, .... The method 
may be re-stated thus. 

Consider the decimals 1462... and ‘1468... , which both lie 
between ‘146 and ‘147. 


Now *1462..., being below -1465 (or -1463), is 
nearer to ‘146 than to ‘147; 
while “1468..., being above ‘1465 (or 1463), is 
4 nearer to ‘147 than to ‘146. 
Thus if ‘1462... and ‘1468... are to be represented as nearly as 

possible with ¢hree decimal figures only, 

for 1462... we must take °146 : 

for 1468... we must take ‘147: 


the error, in excess or defect, being in each case less than ‘0005, 
or ‘0003, or 5 of one thousandth. The decimals thus modified 


are said to be correct to the 3™@ decimal place, or true to the 
nearest thousandth. 


187. Conversely, if the value of a decimal is given correct to a 
specified decimal place, all we know is that its real value lies between 
two definite limits. 


For example, 147 (correct to the 3°4 place) may represent any 
-decimal whatever, greater than ‘146 and less than 1473; that is, 
any decimal between ‘1465 and ‘1475. In other words. the limits 
between which the unmodified decimal must lie may be expressed 
by 147+-0005. A decimal such as ‘147 true to the 3° place, is 
sometimes written ‘147+. 


Note. The phrases ‘‘true within one-thousandth” and “true to 
the nearest thousandth” are not identical, the latter being the closer 
approximation. In the first case the error is less than +001; in the 
second less than + ‘0001. 
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188. Significant Figures. The meaning of the term significant 
figures is best explained by examples. 


(i) The approximate distance of the earth from the sun may be 
given as 93,000,000 miles, meaning 93 millions correct to the nearest 
million. 

Here the unit of measurement may be considered as one million 
miles, and the distance is stated to be 93 such units, correct to the 
nearest unit. In this case the figures 93, which give the number of 
units, are said to be significant; while the six ciphers, which 
point out the magnitude of the unit, are said to be non-significant. 


(ii) Again, suppose it is said that the distance from Southampton 
to Cape ‘Town is 6100 miles. 

If this statement is to be understood ix round numbers as 61 
hundreds, correct to the nearest hundred, then one hundred miles is 
the assumed unit of measurement; so that the figures 61 are 
significant, and the two ciphers non-significant. 

If however it is implied that a definite course has been measured 
or calculated to the nearest mle, all the figures 6100 become 
significant. 


(iii) It is given that 1 millimetre=0-039 inch, correct to the 
third decimal place. , 

This implies that 1 millimetre =39 thousandths of an inch correct 
to the nearest thousandth. So that here the assumed unit is one- 
thousandth of an inch; the significant figures are 39; and the 
ciphers at the beginning are non-significant. 


(iv) Distinguish between the following approximate equivalents : 


1 inch=25°'4 millimetres ; 
1 inch = 25°400 millimetres. 


The first statement merely gives the equivalent of 1 inch correct 
to the nearest tenth of a millimetre ; the second statement implies 
definite calculation correct to the nearest thousandth. ‘Thus 


1 inch= 254 tenths of 1 mm., to the nearest tenth ; 
1 inch= 25400 thousandths of 1 mm., to the nearest thousandth. 


So that in the second approximation the two ciphers on the right’ 
are significant. 


189. To sum up: Significant figures are those which in any 
approximate result or measurement tell the nwmber of units, correct 
to the nearest such unit. Thus ciphers at the erd of a whole 
number or decimal may or may not be significant according to the 
degree of accuracy implied. 
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Ciphers are non-significant when they merely point out the 
magnitude of the assumed unit, by fixing the place-value of the 
significant figures. Thus ciphers at the beginning of a decimal are 
necessarily non-significant. 


190. Relative Errors. In all approximate work it matters less 
whether the actual (or absolute) error is large or small, than 
whether it amounts to a large or small fraction of the quantity 
we are estimating. Suppose, for instance, in judging a distance 
of 40 yards we are wrong by 4 yards, while in judging a distance 
of 100 yards we are wrong by 5 yards. The absolute error in the 
latter case is greater than in the former, but it is really of less 
importance. For in the second case the error is only at the rate 
of one in twenty, or 5 of the whole distance ; while in the first 
case it is at the rate of one in ten, or zo of the distance to be 
judged. Errors thus measured as fractions of the true value are 
called relative errors. 


absolute error 
true value 


Thus relative error= 


Note. In applying this principle, if (as is usually the case) the 
true value cannot be found, we must use the nearest ascertainable value 
for the denominator. 


191. Approximate results represented by the same significant 
figures are subject to the same relative errors. 
For instance : 
(i) 24800 denotes 248 hundreds to the nearest hundred. 
2 re 248 hundredths ...... 0... ccccc0s hundredth. 
ment) OO0248-......... 24S millionths ......c.ccececeees millionth. 


Here the absolute errors (in excess or defect) are respectively 
less than 


(i) } hundred, (ii) 4 hundredth, (iii) $ millionth. 


So that the relative errors are respectively less than 


(i) = hundred (ii) 5 hundredth (iii) + mallionth 
248 hundreds’ 248 hundredths’ 248 millionths 


0% 


Each of these evidently = 57 


186 ARITHMETIC. [cHAP. 


192. Percentage Errors. It is often convenient to express 
relative errors as percentages, thus exhibiting the absolute error as 
a percentage of the whole quantity to be represented. 


EXAMPLE. In expressing a length of 81°472 Km. as nearly as possible 
with three significant digits, find (i) the absolute error, (ii) the relative 
error, (iii) the percentage error. 


81472 Km., corrected to three significant digits =81°5 Km. 
(i) Absolute error =(81°5 — 81°472) Km. =0:028 Km. 


0-028 28 


81-479 > 81472’ 7 0°00034.... 


(ii) Relative error= 


(iii) Let x denote the required rate per cent. 


x if 
Then 755 =0°00034... ; 


“. £2=0°034, correct to two significant digits. 


Thus the percentage error =0°-034 % of the whole length. 


193. The following method of roughly estimating the accuracy 
of a result from the number of significant digits is sometimes 
useful. 


Any number consisting of three significant figures is greater 
than 100. Hence a result true to three significant digits has a 
relative error less than Oy and still less than a 

100 100 


Thus a result true to three significant figures must be true within 
one hundredth of the real value. 


Similarly a result true to four significant figures must be true 
within one-thousandth of the real value. And so on. 


Notr. It is clear that the actual limit of error may be much 
narrower than that indicated by this means. The method however 
shews that the real accuracy of a result is to be judged not so 
much by the number of decimal places to which it is carried, for this 
merely fixes the absolute error ; but by the number of significant figures 
known to be correct, for this limits the relative error. 
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EXAMPLES X. a. 
(Examples 1-37 should be taken orally.) 


Read off the following numbers correct to the nearest thousand ; and 
name the significant figures in your answers. 


ee LOU I 2a, re 2. 481390. 3, 369841. 


Read off the following decimals correct to the nearest thousandth ; and 
name the significant figures in your answers. 


4, 2°76428. 5, 0-012638. 6, 3-40081. 
fee (417. Sauer sacl. 9, 0-909. 


10, 19 ten-thousandths. 11, 901 millionths. 12, 9-9994. 


Read off the following quantities correct to three significant figures : 


13. 62684. 14, 81-492. 15, 704-856. 
16. 0°68214. 17. 0:09188. 18. 0:0040275. 
19. 4:7. %G. 8-6i. 21, 707088: 
Zoe 31295. . DoT OT 1. 24, 462130. 


Name the significant digits in the following : 
25. Liverpool to Quebec, 2630 miles, to the nearest 10 miles. 
26. London to Lisbon, 1120 miles, to the nearest mile. 
27, Length of Equator, 24,900 miles, to the nearest 100 miles. 
28. One cubic inch of water weighs 0-016 Kg., correct to 1 gram. 


29. Atmospheric pressure per square inch=weight of 0°760 metre 
of mercury, correct to 1 millimetre. 


30, Illustrate by three instances (one integral and two decimal) how 
you distinguish significant from non-significant figures, 


The following figures denote quantities correct to the second decimal 
place: between what limits must the actual quantities lie ? 


Ou, £3°47. 32, 41-63 tons. 33. 3°60 miles: 34, 0:07 metre. 


The following represent quantities correct to four significant figures : 
between what limits must the actual quantities lie ? 


35. (i) £40°76; (ii) £0-4076; (iii) £4076; (iv) £407600, 
36. (i) 9°347 Km.; (ii) 93-47 Hm.; (iii) 9347 metres ; (iv) 934700 cm. 


37, Sums of money are approximately represented by 74:20 francs, 
7420 francs, 7°420 franes, and 74200 francs respectively. Between 
what limits must the actual sums lie, if the above figures are. true 
(i) to three significant digits, (ii) to four significant digits ? 
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In expressing the following quantities as nearly as possible with three 
significant digits, find in each case the ‘resulting absolute error, the 
relative error, and the percentage error. 


38. (i) £37482; (ii) £374°82; (iii) £0°37482. 

39. (i) 912°48 miles; (ii) 9°1248 miles; (iii) 0°0091248 of 1 mile. 
40. The population of Liverpool in 1905, viz. 723,471. 

41, The area of Kent, viz. 989,890 acres. 

42, The National Debt in 1903, viz. £770,778,000. 

43, The length of a nautical mile, viz. 6087°23 feet. 

44, The equivalent of 1 kilogram in grains, viz. 1543235 grains. 


Contracted Addition and Subtraction. — 


194. In adding or subtracting decimals so as to obtain a result 
true to a certain number of decimal figures, it is usually enough to 
retain in each line no more than two decimal figures beyond the 
number specified. | 


EXAMPLE. Find, correct to three decimal places, the sum of is 3-624, 
10°0151923, and 832 millionths. 


Bag ae ae 
Le 916 | 66... Here we first draw a vertical 


3°624= 3°624/ 24... line after the third decimal figure 

‘AO Ola 149... to indicate that every figure to 

832 millionths= 000/83... the left of this is to be ‘‘ correct.” 
| 14-556 | 92 To secure this, two more figures 


are retained in each line. 
.. result correct to three places 


= 14°557. 


Note. No absolute rule can be given to secure the correct carrying 
figures ; the number of extra columns to be retained depending mainly 
on the number of lines to be added. ‘To add cor- 


sha tier rectly to 3 places, it is generally enough to keep 
10-01 a Jour decimal figures, if the 4 figure in each 
ane te decimal is corrected before adding. For the errors 


so introduced are likely to be some in excess and 
14°557 some in defect, and consequently tend to cancel — 
sa, a a * one another on addition. The sum given above 
would then stand as in the margin; the sign — being attached when 
the decimal is above, and + when below the real value. 
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EXAMPLES X. b. 
Add together the following, giving results true to the second decimal 
Jjigure : 
1. 41°0462, 0:00178, and 21°892. 
2. 1°35642, 0:0402, and 4°5019. 
3. 5-0819, 1°6, and 0°03. 


Find the value of the following, giving the results as decimals true to 
the nearest thousandth : 


4, 716 millionths +5375 +0°00008. 
5, #+243°25614. 
6. 03+ 52.43 ‘683 +99 hundred-thousandths. 
Express as whole numbers or decimals correct to three significant 
digits : 
7, 26°0981 + 306°9 + 0-009. 8. 41°682 —0°1009. 
9, 37-261 +982°8 - 19:9. 10. vota5+4°5- 
Without adding (or writing down) unnecessary figures, find the sum 
of the following, correct to the nearest hundred-thousand. 
11. 4,682,531, 806,908, 17,492,714, and 93,602. 
12. 971,462, 8,792,031, 92,807, and 17,827,543. 
13. The national income for the year 1903-1904 was made up as 
follows : 


Customs and Excise £65,409,431; Property and Income-tax 
£30,814,016; Hstate, House duty, and Land tax £15,659,703; Post 
and Telegraph Service £28,458,376; Stamps, Fees, Patents, ete. 
£8 474,371 ; Crown lands £460,838; Suez Canal Dividends £936,151 ; 
Miscellaneous £675,427. 


Obtain the total, correct to the nearest £100,000. 


14, Find the value of x”, x, and 24, when x=0-08. 
Hence find, correct to three decimal places, the value of 
(i) w+ a?+23; (ll) v+u7+u°+ a4; 
and explain why the results are the same. 


15, Express each of the following fractions as a decimal : 
Vee eee. 1 
5 5” 5?” 5v 5 9 
and find their sum true to the second decimal figure. . 


Shew that the exact. value of the sum differs from + by less than 
0°0001. : 


and 
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' 16, Working in decimals, find, correct to the nearest £1, the sum of 
the following : 


£350. 16s., £23°681, £8. 6s. 8d., and £663°94. 
17. Find within one-thousandth of the total distance the sum of 
3614 Km., 28 Km. 795m., 0°63Km., and 1764 metres, 


18. Express each of the following quantities as a decimal of £1 
correct to four decimal figures : 
£3. 148. 7d., £54, and £12-75. - 
Find their sum ; and read off the result correct to the nearest Sarthing. 
_ Explain why correctness to four decimal figures in each line of work 
1S necessary and sufficient to give the sum to the nearest farthing. 


Using decimals, add together the following, and read off the results 
to the nearest farthing : 


19, £2°43, £7:1492, and £0-42i. 
20, £5°4862, £3. 12s. 6d., and £2. 


Contracted Multiplication of Decimals. 


195. The object of this process isto multiply two decimals 
together so as to get the product true to any specified number 
of decimal figures without calculating the superfluous figures which 
would foilow if the work were done at full length. 

Begin, as recommended in full multiplication, by making a rough 
estimate of the required result, so that any large error, such as 
might arise from misplacement of the decimal point, may be readily 
detected. 

Next choose as multiplier that decimal which has fewest effective 
digits [see Art. 166, Ex. 2}. 

Then move the decimal point in the multiplier (if necessary) so 
as to bring it to standard form (i.e. to give it one integral figure), 
and make the compensating change in the multiplicand. 


The rest of the process will be explained by examples. 


EXAMPLE 1. Multiply 60-9185 by 0°473, giving the product correct to 
two decimal figures. 

(Rough Estimate. The product should be less than 61x ‘5; Say, 
somewhat less than 30.) 

Here 609185 x 0-473 =6 09185 x 4°73. 


As the final product is to be true to two decimal figures, correctness 
to three decimal figures must be secured in each partial product. On 
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the left we give the work in full, printing in italics those digits which 
are not required in order to obtain a result true to the 24 decimal 
place. 


(i) FutL Work. (ii) ConTRACTED Work. 
6:09 | 185 60.9 |. 1-85 
peta is arte 
24:36 | '740 24:36) 7 

4°26 | 4295 4°26] 4 

118 | 27555 18/3 

28°81 | 44505 28°81] 4 


First step. In (i), on multiplying by 4, the superfluous figures 40 
arise from the figures 85 of the multiplicand. Hence in (ii), to geta 
result true to ¢wo decimal places, we begin by erasing from the multi- 
plicand all decimal figures beyond the third (placing the unit digit of 
the multiplier under the last figure retained), 


We now multiply by the 4, but we carry 3 to the first figure set 
down, just as we should have done if the fourth decimal figure (8) had 
not been erased. 


Second step. Before multiplying by the 7, we reject trom the multi- 
plicand the last figure remaining ow the right (viz. 1), using it however 
to supply the carrying figure to the first figure set down. 


Third step. Again reject from the multiplicand the last Jigure on the 
right (viz. 9), and multiply by the 3, carrying as before to the first 
figure set down. (In this case, since 3 times 9 gives a number nearer 
30 than 20, we carry 3 to the first figure.) 


Proceeding thus, it is clear that the first figure set down in each line of 
work must stand in the 8 decimal place, i.e. emmediately to the right of 
the vertical line, which has been drawn as before to indicate that all 
figures to the left of it are to be correct. 


We now add the partial products, as explained in Art. 194. 
Thus the product = 28°81, correct to two decimal figures. 


Notr. At each stage care must be taken that the multiplication is 
begun at the proper figure of the multiplicand. This may be tested by 
the law explained in Art. 164: viz. that a figure in the mt» decimal 
place multiplied by a figure in the un decimal place produces a figure in 
the (m+n) place. . 


For instance in the last example, where each line of work is to have 
three decimal figures : 


the 3" dec! fig. in line 1 is due to a 3" dec! fig. x a units fig. 
the 34 dec! fig. inline2 ,, ,, 2>4decl fig. xa 1** dec! fig. 


the 3" dec! fig. inline3 ,, ,, 1°* dec! fig. x a 24 dec! fig. 


rt 
i\ 
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EXAmpLn 2, Multiply 0-00926347 by 280°435; the product to be. 
correct to the nearest thousandth. é: 


(Rough Hstimate. 'The product should be a little less than 0°01 of 
280, or 2°8.) 


Here 0°00926347 x 280°435 = 0926347 x 2°80435. 


0°9.26 | 3 47 Since the product is to be true to three 
2°80435 decimal figures, retain four decimal figures 
1:85217 in the new multiplicand. 
'741)0 On reaching the 0 in the multiplier, 
°003|7 remember to reject the 6 in the multipli- 
'000)3 cand; and before multiplying by 4, reject 
2:598 the next figure 2 of the multiplicand. 


The process is continued till all the figures in the multiplicand are in 
turn rejected ; but after rejecting the last digit 9, we still multiply it 
by 3, for this supplies a carrying figure (3) to the fourth decimal 
column. 


Observe that the last figure of the multiplier is not in this case used, 
since it would contribute nothing to the first four decimal places. 


The fourth column is added merely to correct the third. The sum in 
this case is 17; and this being nearer to 20 than to 10, we carry 2 to 
the third column. ' 


196. The approximate multiplication of recurring decimals intro- 
duces no new principle, since the decimals may be extended to as 
many figures as the conditions of the question require. 

For example, if it were required to multiply 0°0128 by 236, we 
should write the product in the form 

1:282828... x 2°36, 


and then proceed as before. 


EXAMPLES X. c. 
Find the following products, correct to two decimal figures : 
1, 5°62 3:27. 2. 0°7028 x 4°73. 3.  9°4357 x 5°25. 
4, 0°03175x4:116. 5, 50-281 x 0317. 6. 702°84 x 0-0541. 
7. 78°95 x 0:0909. 8. 23°76 x 0°35782. 9, 86°43 x 0028947. 


Find, correct to the nearest wit, the product of : 


10. 46°207 and 8:136. 11. 70928 and 0:0428. 
12. 0:09602 and 86°31. 13, 4004°04 and 0-0606. 
Multiply out the following, correct to the third decimal place : 
14. 0°00561023 x 597:001. 15. (1°41421)°. 


16, 42°37 x 0-240089. 17. (1°73205)2. 


mn CONTRACTED MULTIPLICATION. 193 


Find the value, correct to three significant digits, of : 


18, 80°6251 x 0°6317. 19, - 0:0020476 x 24:06. 

20. 41-0208 x 0°7305. * 91, 5961-59 x 0-030807, 

Multiply out the following, correct to the nearest thousandth : 

22, 7°86 x 0-421. 23, 0°578 x 3-052. 

24, 0°82 x 5-268. 25, 0°05632 x 32-7. 

Find the following products within one thousandth of their true value : 
26. 760°35 x 0:00580079. 27. 3°1416 x 0°31831. 


28., Multiply 79364 by 6024, giving the product correct only to the 


nearest million. 

[The number of millions in 79364 x 6024 
__79364 x 6024 _.. aA 
= ~ 1,000,000 - = 79 364 x 6 024 ; 

a result to be worked out to the nearest unit. ] 


Find approximately the following products : 
29. 4085 x 746, correct to the nearest thousand. 
30. 4528 x 6402, to the nearest hundred-thousand. 
*31. 80460 x 5073, to the nearest million. 
*32. 5807023 x 43 ‘07, to the nearest million. 


33. Given that 1 metre=39°3701 inches, find, correct to the nearest 
wrt, the number of inches in 7°52 metres. 


* 34. Express 14% yards in metric measure, having given that 1 inch 
=25°400 millimetres. [A result true to the nearest centimetre is sufficient. | 


*35. A train runs at an average rate of 45y miles an hour. Find in 
kilometres the distance run in 5 hours ; having given 1 mile=1:6093 Km. 
[A result true only to the nearest kilometre is wanted. | 


36. If a pressure expressed in pounds per square inch is multiplied 
by the constant 0°07031, the result expresses the same pressure in 
kilograms per square centimetre. Use this equivalent to express a- boiler 
pressure of 222°6 lbs. per sq. in. in terms of kilograms per sq. cm. 
[The result is to be true to the nearest hundredth. ] 


37, The railways of the United Kingdom had 22,435 miles open for 
traffic in 1904. Estimating their traffic receipts at £4595 per mile, find 
the total gross earnings for the year to the nearest £100,000. 


* 38. The out-put from the Transvaal mines for the year 1903 was 
2,972,897 ounces of fine gold, valued at £4. 4s. 114d. per ounce. Find 


the total value to the nearest £100,000. [Decimalize £4. 4s. llid., and 
work by contracted multiplication. ] 
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Contracted Division. 


197. Our object is to shorten the ordinary process of Division 
by peewee all figures which become superfluous when only 
some specified number of digits is required in the quotient. 


ExameteE 1. Divide 794480625 by 320°6402, as far as the second 
decimal figure of the quotient. 

Begin, as in full division, by bringing the divisor to standard form, 
i.e. move the decimal point so as to give one integral figure ; and make 
the compensating change in the dividend. 


7944°80625 _79°4480625 
320°6402 ~~ 3206402 © 

Next determine by inspection how many integral figures there will be 
in the quotient. 

Here the dividend is slightly over 79, and the divisor lies between 
3 and 4; therefore the quotient will contain two integral figures. 
These, together with the two decimal figures, make four significant 
figures to be obtained by division. 


We give below the full work, printing in italics all figures not 
required to obtain the first four digits of the quotient. 


Thus 


FuLL WORK. CONTRACTED WORK. 
24°77... = Quotient 24°77... = Quotient. 
3206402 ) 79-448|06245 3°2.0.6,4 ) 79:44806245 

64 128/04 64 128 

15 320/022 15 320 

12 825/608 12 826 

2 A944 44 2 494 

2 2444814 2 244 

249|93305 250 

22444814 224 

25 |48491 26 


To perform the contracted work we retain in the divisor jive figures, 
that is to say one more than the number of significant figures required im 
the quotient ; and in the dividend we keep as many figures as are needed 
to take the first step of division: in this case also jive. 


We then proceed with the division in the ordinary way, except that, 
at each stage, instead of bringing down a new figure from the dividend, 
we reject a figure from the right of the divisor ; taking care however on 
multiplying, to use the figure last rejected for the purpose of obtaining 
a carrying number. 


Thus, after rejecting three figures of the divisor, we find the first 
four figures of the quotient to be 24°77. 


x. CONTRACTED ‘DIVISION. 195 


Notz. ‘Two figures remain in the divisor, so that the work may be 
carried one step further. Marking off the 2, and dividing as before, 
we get an extra figure, viz. 8, for the quotient. Now though this 
cannot be relied upon as the actual fifth figure, it is near enough to 
enable us to correct the fourth. 


Hence the quotient correct to the 2»¢ decimal figure is 24°78. 


EXAMPLE 2. Divide 2°6289475 by 306°5, giving the first seven decimal 
Jigures of the quotient. , 
Po | 2°6289475 _0:026289475 | 

Be 5065 3065.” 
and we see at once that in the quotient two ciphers will follow the 
decimal point. Hence jive figures must be got by division. This 
requires in the divisor (according to the rule already stated) six figures ; 
a difficulty which may be met thus : 


(i) by affixing two ciphers, to be rejected successively ‘as already 
explained ; or ; 


(ii) by starting with the original divisor, and postponing the rejection 
of figures from the divisor until the number of. figures still to be found 
in the quotient is one less than the number of figures in the divisor: 
that is, in this case we obtain two figures by ordinary division and 
three by contraction. 


Both methods are given below. In (ii) the work is further shortened 
by the ‘Italian ” arrangement. 


(1) (ii) 


00085773... = Quotient. 0°0085773... = Quotient. 
3:0,6,5,0,0 ) 0:026289475 3:0,6.5 ) 0026289475 
2452000 17604 

176947 
i os 
23697 Se 
21455 96 
2242 : 

2146 

96 

92 

4 


‘Norr. Carrying the division one more step, the 8 fioure of the 
quotient appears to be 1; from which we may safely conclude that 
the real 8* figure is less than 5. Hence the quotient true to the seventh 
decomal figure is 0°0085773. 


198. If the dividend or divisor (or both) recur, the quotient may 
be obtained to any specified number of figures by extending the 
data to as many digits as the conditions of the question require. 
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EXAMPLES X. d. 


Obtain the following quotients true to three significant figures in 
each case. 


1. 8°6439 + 1:057. 2. 759°56 + 43-01. 
3. 2°71835 +8 :2121. 4, 6:52742 + 218-42. 


Find the following quotients correct to the second decimal figure : 
5, 282°10051 + 29-332. 6. 1°576343 + 0:029364. 
7. 11°32042 + 24-0604. 8. 6°955714 + 0:08425. 


Find the value of the following, giving results correct to the third 
decimal place : 


9, 1481-88 -+ 435-07. 10. 0:043524 + 0-021979. 
1°4105 is 
tt. roaees 12. sozrg of 416-247. 
13. 17°3+13°408. 14. 11+3-31662. 
1 3 
15. 3°14159° 16. 1°73205° 
17, 836-341 762. 18. 1:927 +3-08. 


Decimalize the following fractions, using contracted division and 
giving the results true to three significant digits: 


19. ors: 20. “gor1 21. sos0iT: 

From the following equations determine the value of x correct in 
each case to the nearest unit : 

22. xx 2:03=1830°26. 23. 73092=8276341. 

24, 0:0318973 x x =35°78364. 


Obtain by contracted division approximate quotients of the following : 

20. 346,423,521 +7816, correct to the nearest thousand. 

26. 905,982,715 + 21638, correct to three significant digits. 

27. 65,481,275 + 8,063,742, correct to the 3ré decimal figure. 

28, The velocity of sound in air is 1142 feet per second; and on a 
still day at sea the discharge of a big gun may be heard 20 miles off. 


How long does it take the report to travel this distance? Answer only 
to the nearest second. 
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29. The mean circumference of the Earth is 131,385,456 feet. The 

_ whole circumference contains 360 x 60 minutes of arc. A knot is the 

length of one minute of are. Find the length of 1 knot in feet to 
the nearest tenth. 


30. A company’s profits of £56,248 are allotted equally to 12,481 
shares. How much is received on each share ? 


[Obtain a result by contracted division correct to the 34 decimal 
place, and read off the result to the nearest penny. Art. 185.] 


31. Decimalize £12. 15s. 6d. If the equivalent of this sum in 
French money is 322 fr. 31 ¢., find the equivalent of £1, correct to the 
nearest centime. 


32. From the following statistics at the last census, find the 


average number of persons per square mile in England and Wales, 
in Scotland, and in Ireland respectively. 


England and Wales. Scotland. Treland. 


Area in sq. mi. - 57,909 29,796 31,759 
Population - - 32,527,843 4,472,103 4,458,775 


Oo: One statute mile = 5280 feet, and 1 knot = 6082°66 feet. 
Find (i) 1 knot in terms of a mile, to the nearest thousandth. 


(ii) 1 mile in terms of a knot, __,, e 3 


34, Given that 1 metre=39°3701... inches, express 


(i) 1 inch in metres, and hence in millimetres, correct to five 
significant figures. 


(ii) 1 chain in metres, to the nearest cm. 


(iii) 1 mile in kilometres, to the nearest metre. 


39. Prove by contracted division that 1:41421 is approximately the 
square root of 2. 


36. A Canadian Land Company reports the sale of 351,276 acres 
for $2,429,620. Find the average price per acre to the nearest cent : 
also the equivalent price in British money, given that $1=4s. 14d. 


37. One gallon of water weighs 10 lbs. One cubic foot of water 
weighs 62°321 lbs. From these data find the number of cubic inches 
in a gallon correct to 0'1 cu. in. 


38, Find to the nearest penny the British equivalent of 10,000 
francs, when the value of £1 in exchange on Paris is quoted at 
25 fr. 184 ¢. 
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39. The following statistics refer to the Railways of the United 
Kingdom for the year 1904 : 


Miles open for Traffic. | Total Traffic receipts. | Working Expenses. 
22,435. £103,079, 191. £68,561,855. 
Find to the nearest £1 the net receipts per mile. 
40, Hind to the nearest penny the liability per head in each of the 
following cases : 


Population at 


Pepiconsia. National Debt. 


United Kingdom  - 41,976,827 £759, 135,471 
France - - - 38,961,945 £1,172,368,000 
German Empire — - 56,367,178 £143,799,000 


Further Examples of Contracted Work. 


199. When two or more contracted operations are to be per- 
formed in succession, as in finding the value of 
(i) 124-9732 x 81:02 x 0-0516 ; 
(ii) 61°924 x 0:07046 = 401-235 ; 
begin by shifting the points so as to get an equivalent expression 
in which each operating decimal is in standard form (that is, has 
one integral figure). We may thus ascertain to how many decimal 
places the first stage must be carried in order that the final result 
may have the required degree of accuracy. 


EXampPLe 1. Find the continued product of 124-9732, 81:02, and 
0°0516, correct to two decimal figures. 


(Bough Estimate. 125~x 80x pee or 500. 


100 
The required product = 12°49732 x 8-102 x 5:16. 
12°49 | 73X 
8102 
99:97| 86 Here the multipliers slightly exceed 8 and 
1:24| 97 5; hence the first decimal is eventually to 
2/50 be multiplied by a number between 10 and 
are 100. 

rake ae We therefore keep in the multiplicand two 
en decimal figures beyond the number required 
pee 2 in a final result; viz. four decimal figures 

6-07 | 52 in all. 


922°47 
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61-924 x 0:07046 


EXAMPLE 2. Find the value of , correct to four 


decimal figures. ee 
(Rough Estumate. ee ae or es or 0-0108. 
Son, expression =o eee 
g Fo nl QOS 
0:0061/924 Here the combined processes of 
7-046 multiplication and division are 
Nossa. roughly equivalent to multiplica- 
“ola tion by ¢. Hence to obtain a final 
4 result true to four decimal figures, 
a we retain five decimal figures in the 
4°0.1235 ) 0°0436 2 ( 0°0108... multiplicand. .The fifth decimal 
350 figure in the quotient being clearly 
“30 greater than 5, the final result true 


to four decimal places is 0°0109. 


Miscellaneous Examples on Contracted Work. 


(The harder of these examples may be left till the pupil has learned the use 
of Logarithms. It is intended that some examples should be worked 
by Contracted Decimal processes, and others by Logarithmic Tables. 
In some instances it will be instructive to use both methods for the sake 
of comparison. | 


EXAMPLES X. e. 


Find the following products correct to the second decimal figure : 
1. 0°2394 x 2°31 x 1°57. 2. 18°602 x 0°1457’« 1°356. 
3. 36°73 x 0:073 x 0°2367. 4, 242°3 x 0:01872 x 0:9713. 
Find the value of the following expressions correct to the nearest 
kundredth : 


21°434 x 3°721 44°852 x 14°73 


4 8532 e 98°153 
0-0394 0°7859 
; 271897 of 30103. 
7, 24°368 x con 8. 5g of 30103 


From the following equations find the value of x correct to the nearest 
we : 
9 = = 

; 1°0398 x 10°326 — 
Bae 
39°01 


= 0°42074 x 5°312. 10. 


x Re 
98-0035 65 471. 


11. «x 9°47=1°01359 x 3214. y VA X 2 = 238. 
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Find correct to four significant digits : 
348 


69°7324 ie 
: a lions. 
13. 57008 x6 08175 ieee 79 millions 


15. A sovereign weighs 123-27 grains of standard gold, and a 
Japanese 20 yen gold piece weighs 257°21 grains. Find the value in 
British money (correct to the nearest penny) of the 20 yen piece. 


16. .If 10 dollars are worth £2. 1s. led., find the equivalent of £1 in 


dollars. [Decimalize £2. 1s. 1$d., and obtain a final result true to four 
decimal figures. ] 


17. A merchant in New York buys goods in Geneva to the value of 
4004 francs. Find the value of the goods in dollars, when the exchange 
between London and New York is 4°8632 dollars to £1; and the 
exchange between London and Geneva is 25°21 francs. to £ 1. [Give your 
result true to the 24 decimal figure, z.e. the nearest cent. | 


18, One gallon of water weighs 10 Ibs. One litre of water weighs 
1 kilogram. One kilogram =2-2046 Ibs. nearly. Find the equivalent 
of 1 gallon in terms of litres. To how many figures do you consider 
the result is to be trusted ? 


Find the following powers within one-thousandth of the true value : 
19, (1°41421)°. 20. (1°26001)*. 
21. If a=0-00731, find the values of a2 and a3, correct to five decimal 


places. 


Shew that within this degree of accuracy 1+a+a? and 1+a+a?2+a3 
yield the same result. 


[Observe that if a denotes any decimal less than ‘01 or —1., then a? 


100° 
is less than ‘0001 or : a oo > and a? is less than -000001 or 


22. If a=0-00316, and b=0-00082, find the value of 


(1) a?+ab+b6%, to the nearest millionth. 


(ii) 


Tooewwee 
1,000,000° 


ae with an error less than Ae 


104 
Find, to the nearest unit, the value of 
90. : 111 23°789 x 16°8954 
23. 122 735 x 510 34 x Tor - | 24, 00055 A 124 rey Oe 


25. Having given 1 metre =3-2808 feet, find to the nearest hundredth 
the number of square feet in one square metre. 


26. An Are is the area of a Square on a side of 10 metres; and 
1 metre=1-0936... yards. Express 1 Are in terms of square yards 
correct to the nearest hundredth. 
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dod 


27. Find, correct to the second decimal place, the number of acres 
_ ina hectare, using the following data : 


1 Ha. =(100)? sq. metres; 1 acre=4840 sq. yds.; 1 metre=1:0936 yds. 


28. Find the value of 1 cubic inch in terms of cubic centimetres, 
having given 1 inch=25-400 millimetres. The result should be obtained 
to five significant figures only. 


29. Express a speed of 1 mile an hour in terms of feet per second. 
Hence find a constant decimal multiplier (correct to four decimal 
figures) which will convert a speed given in miles per hour into Jeet per 
second. Illustrate by an example. 


30., The work done by a force in raising 1 pound through 1 foot is 
called a foot-pound; and that done in raising 1, kilogram through 
1 metre is called a kilogram-metre. 


Express 1 kilogram-metre in terms of foot-pounds correct to four 
Significant digits ; and hence name a constant decimal multiplier which 
will convert work expressed in kilogram-metres into foot-pounds. 


Given 1 metre =1:0936 yards; 
1 kilogram = 22046 pounds. 


Approximate Data. Limits of Errors. 


200. Addition and Subtraction. If the decimals whose sum 
or difference is required are known to be only approximate, care 
must be taken not to attempt a greater degree of accuracy in 
the result than is justified by the data. 


ExamPir. The sides of a triangle are known to measure 5°37 in., 
4°62 in., and 6°78 in., true to the nearest hundredth. Between what limits 
must the perimeter lie ? 


Here the 1st side must lie between 5-365” and 5:375"; 


« Ae Ns 4°615" and 4°625”; 
TRIO i 6°775" and 6°785"; 
, the perimeter i270) o. 2... 16°755” and 16°785”; 


Or the work might be arranged thus: taking 5°37 + 005 
the positive signs to give the upper and the 4°62 + ‘005 


negative signs to give the lower limits, 6°78 + -005 
’. limits of perimeter are 16°77 + 015 


That is, the perimeter= 16°77”, with a possible error (in excess or 
defect) not exceeding ‘015. Hence we see that if the given lengths 
are added as they stand the last decimal figure is not to be trusted. 
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201. In taking the difference between two approximate quanti- 
ties the maximum result is obtained when from the greatest 
possible value of the 1% quantity we subtract the least possible 
value of the 2"4 quantity. While the minimum is got when from 
the least value of the 1** we take the greatest value of the 2”°. 


(Hxamples X. f. 1-11 may be taken here.) 


202. Multiplication. In cases of multiplication where one or 
both of the given factors must be regarded as approximate, it is 
most important to ascertain that the degree of accuracy attempted 
in the product is not greater than the data justify. Some guiding 
principles are given beiow. 


When an approximate decimal is multiplied by any number 
greater than unity, the error is ¢ncreased in the product. 


For example: when an approximate decimal, given correct to a 
specified number of places, is multiplied by 10, 100, 1000, ..., the 
number of places to which the product is correct is reduced by one, 
by two, by three, ... respectively. 


Thus if 60°31 represents a length in metres, known to be true only to 
the nearest hundredth (or centimetre), then 


60°31 metres x 10 =603'1 m., true to the nearest tenth or dm. 
60°31 metres x 100=6031 m., true to the nearest wnit or metre. 


203. Hence if an approximate decimal (correct for instance to 
the nearest hundredth) is multiplied by any definite number, 
integral or decimal, between 1 and 10, the product may be trusted 
to one decimal place; and if multiplied by any such number 
between 10 and 100, the product may be trusted to the nearest unit. 


This however is not necessarily true if the multiplier is itself 
approximate. The following example shews the distinction. 


Exampeie. Multiply 60°31 (true to the 2°4 decimal place) by 3°14, 
regarding the multiplier (i) as definite, (ii) as true to the 224 decimal 
figure. 


In each case we give the multiplication in full, underlining approxi- 
mate or doubtful figures. 


(2 60:31 (ii) 60°31 
3:14 3:14 
180:9'3 : 180-93 
60:31 6°031 
2°4:124 24124 


189°37... 189°37... 
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Tn (i) the doubtful figures arise only from the approximate figure 1 in 
the multiplicand. 


Tn (ii) the last figure 4 of the multiplier is approximate, so that the 
last partial product is doubtful throughout. 


Thus (i) yields the result 189 ‘4, true to the nearest tenth, 


(ii) yieldswsie 3 : 189° , of which the last figure, though pos- 
sibly correct, is open to doubt. 


Norrs. 1. The distinction may be further explained by observing 
that in (i) the main error is roughly 3 times the error in the mutj. 
plicand ; while in (ii) we have in addition 60 times the error in the 
approximate multiplier. 


2. From an examination of the above results it may be concluded 
that the product of two approximate quantities can never be correct to 
more (though possibly to fewer) significant figures than there are in the 
less correct of the factors. 


204. By thus underlining, as they arise in the work, any 
doubtful figures due to the approximate figures of the given 
factors, we may always tell roughly how-far the product is to be 
trusted. This is enough in practice to prevent any serious mis- 
conception as to the degree of accuracy obtainable. If however 
the actual limits of error are required, they may be found thus. 


EXAMPLE 1. Find opproximately the limits of error in the product 
of 60°31 and 3°14, each Jactor being true to the 24 decimal Jigure. 


Here 60°31 x 3'14=189-4, the underlined figures in the product being 
doubtful. [Art. 203, Ex. | 


Now, by Art. 187, the real value of the required product may be 
anything between 


60°315 x 3°145, or nearly 189-7, 
and 60°305 x 3:135, or nearly 189°1. 


That is, the result 189-4 is liable to an error of about +°3. 


Nore. The limits of error may be approximately obtained without 
actually performing the multiplication of the greatest and least values, 


Take the upper values, and in multiplying write 60°315 
down only those figures which arise from the terminal 3°145 
jives. We thus get a possible correction of about sath 


+32; and we infer a possible correction of about bus) 
— 32 for the lower limit. *32| - 
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EXAMPLE 2. Given that the equatorial diameter of the earth is 7926 
miles (correct only to the nearest mile) and that the circumference of a 
circle = diameter x 7, where 7=3'1416 (correct to four decimal figures) ; 
Jind the length of the equator as nearly only as the data justify. 


7926 
Since the units’ figure of the multiplicand is approxi- 31416 
mate, it is useless to carry the work beyond that 23778 
figure. Pai 7926 
Underlining as doubtful those digits which arise 317°0 
from approximate figures in the data, we see that 7°9 
the equator is nearly equal to 24900 miles, the wuts’ 4°7 
Jigure being open to doubt. anna 


By the method given in the Note to Example 1, it may be shewn 
that (if nothing more is known as to the values of the diameter and 7 
than the figures given above) the result is liable to an error not ex- 
ceeding +2 miles (nearly). 


(Hxamples X. f. 12-26 may be taken here.) 


205. Division. When an approximate decimal is divided by 
any number greater than unity, the error is diminished in the 
quotient. 


For example: when an approximate decimal, given correct to a 
specified number of figures, is divided by 10, 100, 1000,..., the 
number of decimal figures to which the quotient is correct is 
increased by one, by two, by three, ..., respectively. . 


Thus if 6031 metres represent a length true only to the nearest 
unit, then 


6031 metres+ 10=603°1 metres, to the nearest tenth, or dm. 
6031 metres + 100=60°31 metres, to the nearest hundredth, or cm. 


Hence 6031 metres (correct only to the nearest metre) when divided 
by any definite number, integral or decimal, between 10 and 100 gives a 
quotient true to one decimal place: and so on. 


If the divisor is also approximate, sufficient information as to the 
degree of accuracy obtainable is usually to be got by underlining 
as doubtful all figures in the work which arise from the approxi- 
mate figures in the data. 
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EXAMPLE. Divide 413°8 by 7:08, each number being only true to the 
last significant digit. 


58°'8... = Quotient. 


03 ) 413-800... 
Here the quotient obviously becomes ie ae 


doubtful at the 34 sicnificant figure eee 
(resulting from the partial dividend 62 30 
6060), and it would be useless therefore 56 24 
to continue the work beyond that point. = 
| 6 060 
5 624 


Notr. The upper limit of the. quotient is got by giving to the 
dividend its greatest possible value, and to the divisor its least value. 


. 9s 413°85 
That is, upper limit = 7-0DB =58°91.... 
Be eae A132 ; 
Similarly, lower limit = 7-035 =58°81. 


(Examples X. f. 27-35 may be taken here.) 


EXAMPLES X, f. 
(Addition and Subtraction. ) 


1. The sides of a triangle are approximately 5:42”, 4-06”, and 3:60’ ; 
each measurement being correct to the nearest hundredth of an inch. 
Between what limits must the perimeter lie ? 

How could the perimeter be most nearly represented with three 
significant figures ? 


2. Ina round voyage a steamer makes four passages of 2030 miles, 
1450 miles, 3380 miles, and 940 miles respectively, the length of each 
passage being given only to the nearest ten miles. Within what limits 
of error is it possible to ascertain the total length of the voyage ? 


3. Add together 6:07 m., 8°36 m., and 7:40 m., each length being 
correct to the nearest cm., and name the greatest possible error in 
excess or defect. 

4, Find the greatest and least possible value of 

16°037 + 0:973 + 2-001, 
if each decimal is liable to an error not exceeding one-thousandth. 


5. Add together 4-016, 0°101, 2°892, and 3-000. If each decimal is 


correct to the 34 place, to how many decimal places may the sum be 
trusted ? 
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6. From a line 7°63” long, a part 5:06” in length is cut off, each 
measurement being true to the nearest hundredth. Between what 
limits must the remainder lie? 


7. Hach of the following measurements can be relied upon as 
correct to three significant digits only. Find their sum as correctly as 
the data justify. 


42-300 metres, 5260 metres, and 0°942 metre. 


Simplify the following, stating between what limits the results must 
lie, if each decimal is correct to the 3™¢ decimal figure. 


8. 4°680 —2:073. 9. 18-009 — 11-900. 
10. 2°308 + 3-002 — 5304. 11. 7:000 — 2-220 - 2-200. 


(Multiplication. ) 


12, Along a straight line I set off ten lengths, each of 4°7 em. 
correct only to the nearest millimetre. If I consider the total length 
measured as 47 cm., to what error is my estimate liable ? 


13, ' The standard weight of a brick is 6°8 lbs. correct to the nearest 
tenth of 1 lb. Within what degree of accuracy can you estimate the 
weight of 


(i) 100 bricks ? (1i) 1000 bricks ? (iii) 721 bricks ? 
14, Between what limits must the product 4°7 x 6°3 lie, 
(i) if each factor is true only to the nearest tenth ; 
(ii) if each factor is liable to an error of +0°1? 


15. Between what limits must the following rectangular areas lie, 
the length and breadth being known only approximately, as follows : 


(i) Length =5°'3 cm., breadth =4°2 cm., correct to nearest millimetre ? 
(ii) Length=6-0 cm., breadth=5:0 cm., 2 3 a 
(iii) Length =29 feet, breadth=2]1 feet, correct within +1 ft. ? 
) 


(iy) Length=510 yds, breadth=440 yards, each dimension being liable 
to an error of +10 yards? 


Find the following products, not attempting greater accuracy than 
the data justify : 


16. 5°8x3°7, each factor true to the nearest tenth. 

17. 7°32 x 6°04, each factor true to the nearest hundredth. 
18, 50°2x 4-08, each factor true to 3 significant digits. 
19. 0°0617 x 33°5, each factor true to 3 significant digits. 


20. 4°26x0°508, the 1st factor true within +°01, the 2"4 factor 
within + ‘001. 
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21. From the formula circumference = diameter x 17, where r=3'1416, 
correct to four decimal figures, find the circumference of a circle 431 feet 
in diameter. To what degree of accuracy can the result be given? 


22, Find the total atmospheric pressure on a sphere 10 inches in 
diameter, having given that the surface of such a sphere contains 


314°16 sq. inches, and that the pressure of the atmosphere is 14°707 lbs. 
per sq. inch. | 


Considering both data as only approximate (correct to the last figure 
given) how far can the result be trusted ? 


23. Find the total weight of 1000 spherical leaden bullets each 
1 inch in diameter, not attempting greater accuracy than the following 
approximate data justify. Each bullet contains 0°524 cu. inch, and 
the weight of 1 cu. inch of lead is 0-408 Ib. 


24, Find the greatest and least possible weight of an oak beam 
containing 15 cubic feet, from the following approximate data. One 


cubic foot of water weighs 62:4 Ibs. Oak weighs 0°85 of its bulk of 
water. 


20. Find as nearly as possible the cost of making a road from the 
following rough data: estimated length of road 80 miles; estimated 
cost per mile £350. The estimate of length is liable to a 5 per cent. 


error in excess or defect, and the estimate of cost to a 10 per cent. 
error. 


26, Find the product of 82-7 and 0-06435, where each factor is true 
only to the last significant figure. 
Use this example to illustrate the following principle : 


“The product of two approximate quantities can never be correct 
to more (though possibly to fewer) significant figures than 
there are in the less correct of the factors.” 


[Take as multiplicand the less correct factor, i.e. that with fewer 
signiicant digits; and draw your conclusion from the Jirst partial 
product. | 


(Division.) 


27. A given length is represented by 754 metres, correct only to 
the nearest metre. To what units respectively may the following 
lengths be assumed correct ? 


(i) 754 m. x 100. (ii) 754 m. +100. 
(iii) 754 m.x 1000. _ (iv) "754 m. +1000. 


To how many significant digits is each of these lengths correct ? 
Shew that while the absolute error is changed by multiplication or 
division, the re/ative error is unchanged. ; 
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98, Read off £3. 14s. 22d. as the decimal of £1 to six decimal 
figures. In each of the following cases determine how many decimal 
figures must be used to obtain a result true to the nearest farthing : 

When £3. 14s. 22d. is (i) divided by 10; (ii) multiplied by 100; 
(iii) divided by 100; (iv) multvplied by 1000. 

Write down the result in each case. 


299, One cubic foot of distilled water weighs approximately 
62°425 lbs. Assuming this to be true only to the last figure given, 
find in lbs. the weight of 1 cubic inch to as many decimal figures as 
can be correctly calculated. 

Find also the weight of 1 cubic inch of water in grains. Does the 
datum suffice to give a result true to the nearest grain? 


30. Given that 1 ton=1016 kilograms (correct only to the nearest 
unit), obtain the equivalent of 1 lb. in grams, not attempting greater 
accuracy than the datum justifies. 


31. Given that 1 mile=1609 metres (true only to the nearest metre), 
find with such accuracy as the datum admits 


(i) the value of 1 inch in millimetres ; 
(ii) the number of square metres in a square mile. 


32. In the following cases dividend and divisor are to be considered 
approximate (true only to the last significant digit). Obtain the 
quotients, not proceeding beyond the first doubtful figure. 

(i) 16°68+ 3°74. (ii) 463°28 + 31:07. 
(iii) 9462800 + 4070. (iv) 843°7 + 0°00372. 

Use these cases to illustrate the following principle : 

“When one approximate quantity is divided by another, the 
quotient can never be true to more significant figures than 
there are in the less correct of the given quantities.” 


33. From the formula circumference = diameter x 7, where 7 =3'1416 
(correct only to four decimal figures), find, with such accuracy as the 
data admit, the length of the diameter of a circle of which 


(i) the circumference =7°28 metres, true only to the nearest cm. 
(ii) the circumference = 24900 miles, true only to the nearest hundred 
miles. 


34, Light travels at the approximate rate of 186,000 miles per 
second. The distance of the Earth from the Sun may be taken as 
92°8 millions of miles. Understanding both data as only correct to 
three significant figures, find how long light takes to come from the 
Sun to the Earth ; and indicate the error to which your result is liable. 


35. Given that 1 cubic foot of water weighs 62°425 lbs., 


and that 1 cubic inch of silver weighs 0°377 lb., 


find as nearly as the data justify the specific gravity of silver (i.e. the 
number of times that silver weighs its own bulk of water). 


GHAPTER XE 
SOME APPLICATIONS OF DECIMAL PROCESSES. 


Decimals of Compound Quantities. Ratios. Percentages. 


206. To express one compound quantity as the decimal of another 
compound quantity, we reduce both to the same denomination, and 
divide the first by the second. Whether to reduce both quantities 
to the Aighest common denomination, or to the lowest, or to some 
intermediate one, is a matter of convenience to be decided in each 
particular case. 


EXAMPLE 1. Hxpress £4. 2s. 6d. as the decimal of £6. 13s. 4d. 


Here it is best to bring both quantities up to pounds and fractions of 
a pound. 
£4, 28. 6d. £45 33 8 


£6. 138. 4d. gg2 8 * 290 01875. 


EXAMPLE 2. Heapress the ratio of £5. 16s. 2d. to £71. lls. 5d. in 
decimal form, and hence find what percentage the first quantity is of the 
second (correct to 3 significant digits). 


Decimalizing each of the given sums at sight, we have by contracted 
division : 
0°08115 = Quotient. 


£5, 16s, 2d. _ 58083... 7°\1,5,7 | 0°58083 
Seite. o0,.-. 71571 827 
= (00812. ee 

39 


Let « denote the required rate per cent. 
Then 100 7 Biven ratio=0°0812. 


pea 9°12 ; 
so that the first sum is 8:12 ¥ of the second. 


And we observe that .a ratio expressed in decimal form can be at 
once read off as a percentage without further work. 


AR. H.S. O 
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EXAMPLE 3. Inthe year 1905 the Great Northern Railway's passenger 
receipts were as follows : 


Third Class. Second Class. First Class. 


£1,376,527 £21,239 £183,156. 


Hupress the receipts in each class as a percentage of the total passenger 
receipts, correct to three significant digits. 


By addition, the total receipts = £1,580,922. 


Let the 3'4 class receipts be x per cent. 


Geta total Since the result is required 
: Pe eee eigits wy re- 
ain 4 sign 
Then .~_— 1,376,527 _ 1,376,527 (nearly) | the divisor. [Art 19%] 
100 1,580,922 1,581,000 
0°871= Quotient. 

_ 1376°527 ~ 0:87] : 1581 | 1876°5 

1581 Ge > ‘1117 

li fms c EY b 


So that the 34 class receipts are 87:1 % of the total. 


Similarly the other percentages may be found. 


207. To find the value of a decimal of a compound quantity, we 
reduce the compound quantity to a single denomination, and 
multiply it by the decimal. In some cases it is best to reduce to 
the highest denomination, in others to the lowest. 


EXxamMPLe 1. Find 7:324 of EXAMPLE 2. Find. 4°48 of 


£5. 5s. to the nearest penny. 10s. 7d. to the nearest penny. 
Here £5. 5s. =£5¢. Here 10s. 7d. =127 pence. 
£ 127 pence 
7324 4°48 
nie 508° 
36°620 ane 
t| 1:831 16 
38°451 568°96 pence 
= £38. 9s. Od. = 569 pence, 


to the nearest penny, 


to the nearest penny. = £2, 79, 5d 
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_ Exampre 3. Find, correct to the nearest penny, the value of 
£16. lls. 22d. x 3-0245, 


Decimalizing at sight, we have £16, 11s. 23d. =£16-560416..., and 
_ we want a result (in £’s) true to the 3 decimal figure. 


: 50 °087=£50. ls. 9d., to the nearest penny. 


Example 4. Find, correct to the nearest penny, 72 per cent. of 
£115. 10s. 8d. . 


Here 73 per cent. of £115. 10s. 8d. =£115°533... ey 


=£1°15533... x 73. 


[The multiplication must give a 
result true to the 3"? decimal figure. ] 


CO] | 


8'521=£8. 10s. 5d., to the nearest penny. 


EXAMPLES XI. a. 


Express correct to three significant figures : 


dye £2. 63. Sd. as the decimal of £2. 10s. 
meer! £3. 10s. 
Peet toe Cd. a ee £2. 38. Od. 
metry. Lars, 14 Ibs. '.,...::08 ce. 11 cwt. 2 qrs. 


Reduce the following ratios to decimal form, and then read off each 
as a percentage. 


5, 6s. 8d. to £2. 13s. 4d. 6. 1s. 53d. to 2s. 74d, 
7. 31 tons 10 cwt. to 56 tons 5 ewt. 
8. 2ac. lr. 1 p. to2ac. 3 r. 35 p. 
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Express decimally, correct to three significant figures : 
9, £19. 5s. as a percentage of £87. 


DO £48158.) notte of £1712. 

iN SS P|): Da rss IRA of £11231. 

We red). :108,)° Sidaserseckeeemee of £27843. 

Aoi £9. 128) Cd, \+, alee aeons of £127. 10s. 

TA ALD, D4 10d. i... ccnp oye of £57. 88. 2d 

Find, to the nearest penny, the value of the following : 

15. 0°36 of £2. 10s. 16.. 27125 of £3. 4s. 

17. 8°24 of £3. 2s. 6d. 18, 5°84 of £2. 3s. 9d. 

19. £2. 2s. 1d. x 4:36. 20. £384. 7s. 5d. x 0°008351. 


Working in decimals, find, to the nearest penny, the value of the 
following : 


9. 4% of £565. 99; 3:7,-of £7821. 

93, 45% of £472.88. = M4. «GE Y% of £1289. 10s. 
95. 54% of £17. 2s. 8d. 26. 45 % of £423. 11s. 
97, 32% of £724. - 98, 42% of £81. 10s. 3d. 


Express as percentages (correct to the 3" significant digit) the ratios 
of : . 

99, 73 fr. 41 c. to 1981 fr. 30. Km. 43:200 to 98473 metres. 

31. 2 cwt. 1 qr. 25 lbs. to + ton. 32. 41 yds. 3 in. to 50 yds. 1 ft. 


33. 47,109 to 896,431. 34, 634,218 to 2,826,431. 


35. In a town of 361,420 inhabitants there occur in one year 
6144 deaths. At what rate is this per mille?. Answer to the nearest 
integer. 


36. A company, having a paid up capital of £5,250,000, sets aside 
in one year £183,750 from its profits for dividend. What rate tage cent. 
does it pay ? 


37. The gross revenue of a Railway Company averages £6,072,231 ; 
and the working expenses average 62 per cent. of this sum. How much 
would the company save ina year if it could bring its working expenses 
down to 50 per cent. of the total receipts? Answer to the nearest 
pound. 


38. It is arranged that the three partners in a firm shall receive 
respectively 30 %, 25 %, and 20 % of the annual profits, and that the rest 
shall be divided between the Reserve Fund and the Employés’ Pension 
Fund in the ratio of 2 to 1. For the year 1906 the total profits were 
£47,821. 18s. How much of this went to each partner and to each 
fund ? 
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39. The area of Ireland under flax and potatoes in 1855 and in 1901 
is given below. Find, to the nearest whole number, the decrease of 
area under each crop as a percentage of the area in 1855. 


Acres under Acres under 

flax. potatoes, 

1855 - - - 97,075 982,301 
1901 - - ~ 55,442 635,321 


40, The following table shews the average price of a quarter of 
_ wheat and of barley for the years 1902 and 1903. Express the prices 
for 1903 as percentages (to the nearest tenth) of those for 1902. 


If a thousand pounds’ worth of wheat and a thousand pounds’ worth 


of barley had been stored in 1902, what would each have been worth in 
1903, to the nearest pound ? 


Wheat. Barley. 
Ks a! 
1902;.: 2 seh wet 25 8 
1903 - - - 26 9 22 8 


Practice Decimalized. 


208. The use of aliquot parts in shortening the work of com- 
pound multiplication was explained in-Chapter v1. In all but 
the simple instances there given the actual work should be kept 
in decimals, as shewn in the following Examples. 


Exampir. Find, to the nearest penny, the cost of 305% tons at 
£7. 88. 4d. per ton. 
£ 


305°5 =cost of 3053 tons at £1 per ton. 


2269 °792 = £2262. 15s, 10d. to the nearest penny. 


209. Simple Practice is the process of finding by aliquot parts 
the cost of a simple quantity, when the cost of one unit is given. 


For instance : Find the cost of 305% tons at £7. 8s. 4d. per ton. 


Compound Practice finds the cost of a compound quantity, when 
the cost of one of its denominations (usually the highest) is given. 


For instance : Find the rent of 24 ac. 2 r. 16 p. at £1. 17s. 6d. per acre. 


In compound practice one of the given quantities should be 
decimalized, and the other treated by aliquot parts, 
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_Exampie 1. Find, to the nearest penny, the rent of 24 ac. 2 r. 16 p. 
at £1. 17s. 6d. per acre. 

Here it is best to decimalize 24 ac. 2r. 16 p., and take £1. 17s. 6d. 
by aliquot parts (£2 less 2s, 6d., or £1), 


40 — p. 
Now 24 ac. 2r. 16 p. =24°6 acres. 4 nee . 
6 ac. 
£ 


24°6 =cost at £1 per acre. 
2 . 


- 49 
less 2s. 6d., or £g!| 3°075- 


46°125=£46. 2s. 6d. 


‘2 
‘0 


Nor. In this example we might have decimalized £1. 17s. 6d. and 
treated 24 ac. 2 r. 16 p. by aliquot parts, but the solution would not 
have been so short. That quantity should be decimalized which falls 
less readily into aliquot parts. 


ExampLE 2. A bankrupt whose debts amount to £2587. 12s. 3d. can 


pay a dividend of 14s. 4¢d. in the £. Find the total value of his assets 


avaiable for distribution. 
£2587. 128. 3d. = £2587°6125. 


£. 
2587 ‘612 5=value at £1 in the £. 
10s. =of£1 | 1293-80613 
3s. 4d.=1 of 10s. | 431-268 /8 
10d. =+ of 38. 4d.| 107-817] 2 
25d. =+ of 10d. 26954 | 3 
1859°847 =£1859. 16s. 11d., to the nearest 
penny. 
210. If neither of the Compound quantities can be conveniently 
represented in aliquot parts, Practice does not give the best 


solution. In such cases both quantities should be decimalized 
and the result obtained by contracted multiplication. 


EXAMPLE. Jind the cost of 3 tons 0 ewt. 542 lbs. at £16. 11s. 23d. 
per ton. 


Here £16. 11s. 25d. =£16'560416... ; 
and 3 tons 0 cwt. 54} lbs. =3-02444... tons. 


3 \ 4 ! ob 3; 
Hence, by contracted multiplication, we | eee =. Hrs 
find the value of £16°5604 x 302444, correct : aie 


to the 3"4 decimal figure (see Art. 207, Ex. 3), 


obtaining £50°085, or £50. ls. 8d. 20| 0°48884 cwt. 
‘02444 ton. 
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211. From the last Example it will be seen that a Decimal 
System of money, weights, and measures dispenses altogether with 
the method of Practice. 

Example. Find the weight of 30 Km. 7 Hm. 60 m. of copper wire, 
running 27 Kg. 640 gm. to the kilometre. 

EKagh compound quantity is decimalized at sight : 
thus _ 30 Km. 7 Hm. 60 m. =30:'76 Km. - 
and 27 Kg. 640 gm. = 27°64 Kg. 

Kilograms, 
27 64 
30°76 
829-2 
19°348 
1-658 | 4 


850-206 = 850 Kg. 206 gm. 


EXAMPLES XI. b. 


Working in decimals, find by Practice (to the nearest penny) the 
value of : 


1. 227 at £9. 138. 4d. 2. 309-at £2. 18s. 4d. 
3: hye tons at £2. 12s. 9d. per ton. 
4, 1604 acres at £25. 6s. 3d. per acre. 
5, 437°6 oz. of standard gold at £3. 17s. 10d. per oz. 
Find by the method of aliquot parts (in each case to the nearest 
penny) : 
6. £3. 12s. 4d. x 50265. 7. 16°308 of £11. 17s. 3d. 


By decimalizing one compound quantity, and treating the other by 
aliquot parts, find, to the nearest penny, the value of : 


8. 1153 ac. 2r. at £1. 12s. 6d. per acre. 

9, 500 ac. 3r. 31 p. at £1. 6s. 8d. per acre. 

10. 23 cwt. 3 qrs. 14 lbs. at £2. lls. 6d. per cwt. 
11. 2 tons 12 cwt. 50 Ibs. at £1. 3s. 4d. per ton. 

12. 345 ac. 2r. 15 p. at £2. 2s. 6d. per acre. 

13, 1684 tons 8 ewt. 100 lbs. at £1. 12s. 6d. per ton. 
14, 13 cwt. 3 qrs. 4 lbs. at £2. 18s. 4d. per cwt. 
15, 2 gals. 3 qts. 1 pt. at £2. 5s. 8d. per gallon. 

16. 2 fur. 40 yds. at £3. 13s. 4d. per mile. 

17, 7 yds. 1 ft. 9in, at £1. 148, 3d. per yard. 
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Find the dividend on : 

18, £4287. 17s. 6d. at 14s. 4d. in the £. 

19, £2073. 6s. 3d. at 11s. 8d. in the £. 

20. £1710. 14s. 6d. at 13s. 43d. in the £. 

By decimalizing both compound quantities and using contracted 


multiplication, find (to the nearest penny or the nearest centime) 
the value of : 


21. 7 cwt. 2 qrs. 24 Ibs. at £1. 7s. 5d. per ewt. 
22. 19. ac. 3r. 24 p. at £2. 1s. 5d. per acre. 

23. 30 tons 8 ewt. 1 qr. at £1. 3s. 10d. per ton. 
24, 27°48 metres at 5 fr. 9c. per metre. 

25. 5 Km. 473 m. at 105 fr. 60 c. per hectometre. 
26, 39 Kg. 4 Dg. at 17 fr. 40 c. per kilogram. 


27, What are the available assets of a bankrupt who can pay 
9s. 45d. in the £ on debts amounting to £15845? 


28, How much will be required to pay the wages of 1232 workmen 
for one week at the average rate of £1. 3s. 43d..each? 


29. A watch loses 8 min. 16 sec. in 6 hours: find its loss in 17 days 
9 hours 45 min. 


30. Each edge of a cube of copper measures 1 dm. 7 cm. : find its 
weight to the nearest gram, having given: 1 cub. dm. of water weighs 
1 kilogram, and the specific gravity of copper is 8°788 times that of 
water. 


Further Applications. Formulae. 


212. We conclude the Chapter with a set of miscellaneous 
examples further illustrating the application of approximate 
Decimal processes. 


EXAMPLE 1. A copper wire of cross-section 1 square inch can sustain 
a weight of 26 tons. If the breaking strain of a wire of any given metal 
2s proportional to the cross-section, find to the nearest 10 kilograms what 
weight can be sustained by a similar wire whosé cross-section is 1 square 
centimetre. 
Given 1 inch =2°5400 em. 


1 Kg. =2:2046 Ibs. 


2°54 
Since 1 in. =2°5400 cm. 2°54 
E 5°0. 
-. 1 square inch = (2°5400)? square em. 1-970 
“1016 


=6°4516 sq. cm. 6°4516 
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Thus 6°4516 sq. em. sustain 26 x 2240 Ibs. 
26 x 2240 Ib 58240 
64516. °°? 6-4516 x 2-2046 


The divisor is nearly 14; so that the required result will have four 
integral digits. - 


And this result has to be evaluated to the nearest 10 units ; hence, 
to three significant digits. 


Kg. 


9027 = Quotient. 409... = Quotient. 
6,452 | 58240 22.0.5 | 9027 
172 ; 207 
43 oe 


Thus req? result = 4090 Kg. to the nearest 10 Kg. 


EXAMPLE 2. The horse-power of & pumping engine necessary to raise 


Q cubic feet of water per minute to a height of H feet is given by the 
formula 


horse-power =0:0023 x H x Q. 


Find the horse-power required to raise 10,000 gallons from a depth of 
80 fathoms in 1 hour. 


Given 1 Jathom=6 feet. 1 gallon=277°5 eu, inches (to nearest tenth). 
Here H =80 x 6=480 ft. 
And 10,000 gallons =2775000 cu. in. (to nearest 1000) 


= 1606 cu. feet (to nearest unit). 
Also 1606 cu. ft. per hour 


="é0 » or 26°8 cu. ft. per minute (to nearest tenth), 
So that Q=26'8. 
Thus req? horse-power = 0:0023 x 480 x 26°8 


= 2:3%x4°8 x 2-68, 
the last digits in the 1st and 34 factors being only approaimate. 


23 
4°8 

9:2 
pagtes yy 18 4 
Multiplying out, and underlining doubtful figures eee 
as explained in Art. 202, we find that the required 11°04 
horse-power is 30, probably correct to the nearest 2°68 
unit. = 

22°1 

66 

‘9 

30° 


218 ARITHMETIC. [CHAP 


EXAMPLES XI. c. 


In these Examples the following data are to be used when required : 


1 metre =89°3701 inches. | 1 inch =2°5400 centimetres. 


1 kilogram =2:2046 (bs. 1 /b., or \ 0°4536 kéloar 
: aS am, 
lgram = =15°43 grains. 7000 grains ae x: 
. alah . 1 gallon, or ye re ; 
1 litre 1 7600 pints. Mag of 10 ibe. of eee =4°5460 litres. 


1. What is the cost, to the nearest penny, of 5 litres 12 centilitres 
of wine at 6 shillings the litre? 

2. Find, to the nearest pound, the value of 5000 tons of wheat 
at 6s. 25d. per cental. (A cental is 100 Ibs. ) 

3. Express 1 gallon in terms of litres correct to the second decimal 


figure. [Use 1 litre=1-°7600 pints.] Hence find to the nearest tenth 
how many litres there are in 2°3 gallons. 


4, A kilometre is 0°6214 of 1 mile. How many yards to the 
nearest unit is that? 


5. Find the cost of 9 gals. 3 qts. of spirit at £2. 15s. per gallon. 


6. The following Table shews the principal silver coins of the 
countries named with their average equivalents in English money. 
Fill up the column designed to shew the equivalent of £1 in terms of 
each coin correct to the second decimal figure. 


: . Value in Number equivalent 
Country. | Coin. English Money. to £1. 
France - - Franc 93d. 
Germany. - - Mark 112d. 
United States - Dollar 4s. lid. 
Russia - - Rouble 2s. 14d. 


India - - - Rupee ls. 4d. ; 


7. A litre of air weighs 1:293 grams and contains 23 per cent. by 
weight of oxygen. What is the weight of oxygen in a hectolitre of air? 


8. Hind the value of 14 Kg. 300 gm. of tea at 3s. 6d. per kilogram, 
giving the answer to the nearest penny. 

9, Find the value of x in each of the following statements : 

(1) 30 centimetres= inches, to the nearest hundredth. 

(ii) 15 miles an hour=wa feet per second. 


(i111) 35°6 feet of a certain wire go to the pound: this is equivalent to 
x pounds per mile. 
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10. Find correct to the nearest tenth the value of x which makes 
2x — 3°2 x-1°5 

E:7 

Find in £. s. d. the value of 

11. 0:°275 of £1+ 12°75 of 2s. 

12. 2°0875 of £3+0°18 of £2. 10s. — 1°76 of 6s. 3d. 

13. 21:75 of 7s. 6d. +.0:3625 of 10s. + 13°75 of 1s. 


equal to 


14. Express in feet and inches 
: 0:00875 of 100 yards +0:0046875 of 1 mile. 


15. From the formula (a +b)? =a? + 2Qab +2, find to the nearest unit 
the value of (7531:05)?, having given (7531)?=56715961. Use no super- 
fluous figures in your work. 


16, In the first quarter of 1903, the British Isles exported 42,424,700 
Ibs. of cotton yarn, of which 


British India took 8,265,400 lbs. 
Holland - - 6,817,000 ,, 
Germany - : 6,481,400 ,, 


Give the export to each of these countries as a percentage (to the 
nearest integer) of the whole export. 


17. In the first four months of 1906 the Indian Government sold 
_ Bills amounting to 97,984,311 rupees, obtaining £6,537,578 in exchange. 
Find the value of a rupee in English money to the nearest tenth of a 
penny. N.B. Use no more figures than are necessary to obtain a 
result to the indicated degree of accuracy. 


18. From the table given below find what percentage of the 
population were parliamentary electors in England and Wales, in 
Scotland, in Ireland, and in the United Kingdom as a whole. Neglect 
the changes in population since 1901. 


Find also what population is on the average represented by a Member 
of Parliament in England and Wales, in Scotland, and in Ireland. 


Population Number of Members of 

in 1901. Electors in 1906. Parliament, 
England and Wales - 32,527,843 - 5,824,884 495 
Scotland - - : 4,472,103 750,401 de 
Ireland °- : ; 4,458,775 691,423 103 


19, The mean atmospheric pressure is 14:7 lbs. per square inch: 
express this in kilograms per square centimetre, correct to 10 grams. 
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20. The sum of £160,860 was paid in one year for licenses to employ 
male servants, the license costing 15 shillings for each servant. Taking 
the whole population as 42,500,000, find to the nearest unit how many 
per mille were employed as men servants. 


21. One metre of copper wire (2 millimetres thick) is found to weigh 
27°64 grams. Find, as accurately as the data admit, the weight of 
1 yard of the same wire (i) in grams, (ii) in ounces. 

How many metres of such wire go to the kilogram? And how many 
yards to the pound ? 


22. ‘The number of feet (s) through which a body, falling from rest, 
descends in ¢ seconds under the action of gravity (neglecting the 
resistance of the air) is given by the formula 


° 


s= tg, 
where g=32'2 correct to the 3" significant digit. 


A stone dropped from the edge of an overhanging cliff reaches the 


water in 4% seconds. Find the height of the cliff, not attempting 
greater accuracy than the data justify. 


23. A railway embankment H feet high, A feet wide at the top, 
and B feet wide at the bottom contains ens HxL cubic feet of 


earth in a length of L feet. If 18 cubic feet of earth weigh a ton, 
what is the weight (to the nearest hundred tons) of 200 feet of an 
embankment 20 feet high, 14 feet wide at the top, and 37 feet wide at 
the bottom ? 


24, The greatest load which a beam, supported at its ends, will bear 
at its middle point is given by the formula 


B x D? 
& 


where B=the breadth of the beam in inches; D=depth in inches; 
L=length in feet; W=load in hundred-weight; and & is a constant 
depending on the material of the beam. 


W= 


xk; 


Find to the nearest hundred-weight the greatest load that can be 
sustained by an oak beam, 20 feet long, 7 inches broad, 10°5 inches — 
deep ; having given that, for English oak, k=5-0. 


25. A force pump delivers a column of water 2 feet high and 
3 inches in diameter at each stroke. If the pump works at the rate of 
30 strokes a minute, and starts working at 10 a.m., when will it fill a 
tank 12 feet long, 7 feet wide, and 5 feet deep? 


N.B. A column of water A feet high and D feet in diameter contains 
A x D? x 0°7854 cubic feet. 
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. The pressure of water on a given area at a given depth may be 
found from the formula 
P=0°4335 x HxA; 
where P denotes the pressure in pounds, H the depth in feet, and A the 
area in square inches. 


Find, to the nearest pound, the pressure on the circular end of a 
cylinder, 9 inches in diameter, submerged at a depth of 10 feet ; having 
given that the area of a circle, d inches in diameter, contains d? x 0°7854 
square inches. 


27. The ‘‘ Indicated Horse-power” of a steam-engine is found from 
the formula 


hippo d? x 0°7854 x s.p.2r 
‘ 33,000 
where d=the diameter of the cylinder in inches, 
s=the length of piston-stroke in feet, 
p= the average steam-pressure in lbs. per square inch, 
r=the number of revolutions per minute. 
In an engine whose cylinder is 16 inches in diameter, and length of 


stroke 25 feet, find the indicated horse-power (to the nearest unit) 
when the steam-pressure is 40 Ibs. per square inch, and the number of 
revolutions 30 per minute. 


28. <A sheet of paper is found on measurement to be 1°36 metres long 
and 0°75 metre wide; find its area. If each linear measurement is 
lable to an error of one per cent., find, to the nearest square centimetre, 
the greatest possible error in the area in excess or defect ; and express 
this error as a percentage of the approximate result. 


29. To prevent a train from leaving the metals as it passes round a 
curve, the outer rail is raised. The following rule has been given for 
finding the necessary elevation : 


9 


Rx 1-25’ 
where B=the gauge of the line in feet ; R=the radius of the curve in 
feet, and V =the speed allowed in miles per hour. 


Taking the ordinary British gauge of 4 ft. 84 in., and a curve of 
425 feet radius, find to the nearest tenth of an inch the proper elevation 
of the outer rail, in order that a train may pass over it safely at 
20 miles an hour. 


Elevation of outer rail in inches=B x 


30, ‘The following table gives the population and birth-rate per 1000 
for the three greatest cities of the United Kingdom. 


Population. Birth-rate, 
London - - 4,613,812 28°4 
Glasgow - - 786,897 31°9 
Liverpool : 716,810 33°4 


Find the birth-rate for the three cities taken together. 


CHAPTER’ X1L 
EASY PROBLEMS. 


213. Examples on Work and Time. When we have to com- 
pare the work of several agents, it is necessary first to ascertain 
the amount of work each can do in the same time, usually one 
day, one hour, or one minute, according to the condition of the 
problem. 


ExamPLe 1. A can do in 10 days a piece of work which B could do 
m 15 days: how long would they take if both worked together ? 


A does z'y of the work in one day, 


PNG eee, co er one day ; 


. together they can do tots or % of the work in 1 day. 
That is, they would require 6 days to do the whole work. 


Nore. The pupil should reason out this example with letters 
instead of numbers. Thus if 4 and B can do the work in m and n 
days respectively, it may be shewn that when working together they 


will take days. 
mM+n 


EXAMPLE 2. A cistern can be filled by a supply-pipe in 5 minutes, and 
emptied by a waste-pipe in 8 minutes. If both pipes are opened when the 
cistern 1s empty, how long will it be before the castern is full? Also, if 
the cistern can hold 120 ‘gallons, how long would it be before exactly 
36 gallons had run in ? 


In 1 minute = of the whole runs in 
WaT Ga Kings cgay a Gane runs out. 
. after 1 minute the contents of the cistern =+-4, or 3, of the whole. 


, the number of minutes required to fill the cistern =] + fp = 42 = 181. 


Again, after 1 minute the cistern contains 75 of 120 gals., or 9 gals. ; 
so that 4 minutes would elapse before the contents were 36 gals. 
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EXAMPLE 3. Three men A, B, C, working alone can do a certain work 
im 6, 8, and 12 days respectively. B and C work together for 2 days, 
and then A takes C’s place: how soon will the work be finished ? 


A, B, C respectively do 7 i, z's of the work in 1 day ; 
*. after 2 days B and C will have done (2+34,) of the work 


= 7"; of the work ; 
therefore 75 of the work remains to be done by A and B together. 


Now A and B together do +4; or =z of the work in 1 day ; 


*, the required time= Gis +55) days=2 days. 


EXAMPLES XII. a. 


1. A can doa piece of work in 6 days, and B can do it in 12 days : 
how long will they take if both work together ? 


2. A bath can be filled by one pipe in 4 min. and emptied by 
another in 5 min. If both are turned on together, in how long will the 
bath be full ? 


3, How long would two men together take to dig a trench which 


they could ‘do in 5 hours and 75 hours respectively when working 
alone ? 


4, A can dig a trench in 2 days, Bin 3, Cin 6. If all three work 
together, how long will they take? 


5, A can mow a field in 9 hours, B in 6 hours : if they begin 
working together at 6.a.m., when will the work be finished ? 


6, A cistern can be filled by a supply-pipe in 25 min. and emptied 
by a waste-pipe in three-quarters of an hour. If both pipes are opened 
together, in what time will the cistern be full? 


7. ‘Two pipes can fill a cistern in 3 and 4 hours respectively, and a 
waste-pipe can empty it in 6 hours. If the cistern is empty, and all 
the pipes are opened together, in how many hours will the cistern be 
half full? 


8, A cistern can be filled by one tap in m minutes, and emptied by 
another inn minutes. If both taps are turned on when the cistern is 
empty, what fraction of its contents will be filled in 1 min.? In how 
many minutes will the cistern be full ? , 


9. Three men A, B, and C do a piece of work together in 10 days. 
If A would have taken 30 days, and B 45 days to do it alone, in how 
many days would C do it? 


10, A can do in 10 days what B can do in 12 days ; how long would 
they take together? How much more does A do than B in 1 day? - 
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11. A can doa piece of work in 2a days, B in a days, and C in 4¢ 
days. How long will the work take if all three work together ? 


If B can do the work in 5 days, work this example numerically, anc 
verify your second answer by substituting 5 for a in the first. 


12. A and B together could build a wall in 25 days. They work 
together for 15 days and then A finishes it alone in 20 days. Hoy 
long would each take separately ? 


13, A and B can do a piece of work in 12 days; after working 
2 days they are assisted by C who works at the same rate as A, ano 


the work is finished in 6¢ days more: in how many days would £ 
alone do the work ? 


14, After doing a of a work in 20 days, A calls in B, and witk 


his help finishes the work in 22 days. In what time could either have 
done it alone ? 


15. A and B can finish a piece of work in 15 days, A and @ in 
2 days, and B and C in 3 days. If 6s. be paid for the whole work, 
what daily wages must be paid to each workman ? “ 


16. Water enters a tank by a tap A which can fill it in 3 hours, and 
leaves it by two taps B and C which can empty it in 4 hours and 
6 hours respectively. 


(i) If the cistern is empty, and taps A and B are turned on, how 
soon will it be full? 


(ii) If the cistern is full, and all three taps are turned on, how soon 
will it be empty? 
Also work this example generally, supposing a hours, 6 hours, and 


c hours are the times required by the three pipes, and then verify the 
numerical answers by putting a=3, b=4, c=6. 


214. Examples on Time and Distance. The speed or velo- 
city of a moving body is measured, when uniform, by the distance 
traversed in a unit of time. 


Thus when we say that the velocity of a uniformly moving body 
is v, we mean that the body traverses v units of distance in 1 unit of 
time ; for instance, 60 mes in 1 hour, or 1760 yards in 1 minute, or 
88 feet in 1 second, according to the units of distance and time which 
we adopt. 

If a body moving uniformly travels v feet in 1 minute, 

it will travel vt feet in ¢ minutes ; 


so that, if s denotes the distance travelled (in feet), we have 


s=E. 
And so for other units. 
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When we say that a variable speed at any given instant is 60 miles 
per hour, we mean that, if the body continued to move with the speed 
it then has, it would cover 60 miles in 1 hour, 1760 yards in 1 minute, 
and so on. 


215. A velocity expressed in miles per hour may easily be 
expressed in other units. 


ExamMPLE 1. A body travels at the rate of 15 miles per hour ; express 
ats velocity in feet per second. ' 


15 miles per hour is equivalent to (15 x 1760 x 3) ft. per hour, 


Bhat is. 15 x 1760 x 3 


pecia0c oe 22 feet per second. 


Example 2. A train running at uniform speed of 45 miles per hour is 
8 minutes in travelling from one station to the next. Find their distance 
apart. 

In 8 min. the train will travel (45 x 8,) miles. 


*. the number of miles between the stations = 45 x ay =6. 


216. Consider the two following cases : 


(i) Two trains A, B travelling in the same direction at 45 and 30 miles 
an hour respectively. 


(ii) Two trains with the same velocities as before travelling in 
opposite directions. 

In (i) A is gaining 45 — 30, or 15 miles on B in every hour; therefore 
15 mi. per hour is the rate of A’s approach or separation according as 
A is behind or in front of B. 

In (ii) the distance between the two trains is being diminished by 


45 +30, or 75 miles in every hour; that is, their rate of approach 
is 75 mi. per hr. 


217. The rate of approach or separation of two moving bodies 
is called the relative velocity of either with respect to the other, 
and must be carefully distinguished from the actual velocity either 
of them has. 


ExAmpPLe 1. A passenger train starts Jrom Bristol at 35 miles per 
hour at the same time that a goods train starts Jrom Huddersfield at 
25 miles per hour. If the stations are 180 miles apart, and there are no 
stoppages, when and where will the trains meet ? 


The rate of approach is 35+25, or 60 mi. per hr.; but at starting 
they were 180 miles apart ; 


. they will be together in 4,32, or 3 hours. 
In 3 hours the passenger train will have gone (35 x 3) miles, 


. they meet 105 miles from Bristol. 
AR. H.S, P 
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EXAMPLE 2. A train whose length is 176 feet is moving at the rate oj 
45 miles per hour, and overtakes a second train, 154 feet long, which 1s 
moving on a parallel line at the rate of 30 miles per hour. Find how long 
the first train will take (i) to pass a milestone, (ii) to pass a passenger in 
the second train, (iii) to pass the second train. 


45 x 1760 x 3 
60 x 60 


= 66 ft. per sec. 


45 mi. per hr. = ft. per sec. 


and 15 mi. per hr. = 22 ft. per sec. 


These are respectively the actual velocity of the first train, and the 
velocity of its approach to the second. 


(i) The time taken to pass a milestone is the time the first train 
takes to travel a distance equal to its own length with its actual velocity. 


SO ee Gil — 22 
time required =-;';" secs. =25 secs. 


(ii) Since the passenger is moving at the same rate as the second 
train, the time taken is the time the first train takes to travel a 
distance equal to its own length with its velocity of approach. 


time required =4+,',° secs. =8 secs. 


(iii) The time taken by the first train just to clear the second train 
is the time it takes to travel a distance equal to the sum of the lengths of 
the two trains with its velocity of approach. 


time required = eee secs. = 15 secs. 


EXAMPLES XIL. b. 


Express the following speeds in feet per second : 


1. 30 mi. per hr. 2, 50 mi. per hr. 

3. Tz mi. per hr. 4, 1 mi. 7 fur. per hr. 
Express in miles per hour : 

5. 22 ft. per sec. 6. 585 ft. per sec. 

7. 88 yds. per min. 8. 165 yds. per min. 


9, How many miles per hour does a man walk who passes through 
a street 528 yards long in 6 minutes ? 


10. How long does a bicyclist, riding 15 mi. an hour, take to cross 
a viaduct 110 yards in length ? 


11. Find the length of a bridge which a man riding 9 mi. an hour 
can cross in 73 seconds. 
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12, How long will a train 154 ft. long, travelling 35 mi. an hour, 
take to pass a milestone ? 


13. How many miles per hour does a train travel if it is 176 ft. long 
and takes 4 seconds to pass a certain point? 


14, How long will a train 150 ft. long, travelling at 45 mi. an hour, 
take to pass through a station whose platform is 60 yards long? 


15. Find the length of a viaduct which a train, 252 feet long, 
travelling at 30 mi. an hour, can cross in 21 seconds. 


16. Two men walk to meet each other from two places A and B, 


_ 32 miles apart. If their speeds are respectively 35 and 4% mi. an hour, 
when and where will they meet ? 


17. A and B are travelling on the same road in opposite directions, 


A at the rate of 545 mi. an hour, and B at the rate of 43 mi. an hour, 
If at starting they are 25 miles apart, after how long will they pass 
each other, and how far from B’s starting place ? 


18, A and B start walking in the same direction from two places 


9 miles apart. If they walk at 4 and 2} mi. an hour respectively, 
when does A overtake B? 


19. Two friends walking at 34 and 43-mi. an hour respectively 
start at 10.a.m. from two towns 30 miles apart. At what time will 
they meet, and how far will each have walked ? 


20. A pedestrian starts to walk at 3 mi. an hour from A to B, a 
distance of 36 miles, at 8a.m. A cyclist starts an hour later to ride 
from B to A, at 8 mi. an hour. At what time will they meet and how 
far from A? 


21. How long will two trains whose lengths are 185 ft. and 211 ft., 
travelling in opposite directions, at 25 and 35 miles per hour respec- 
tively, take to pass each other ? 


22.. A steamboat 344 ft. long, going at the rate of 25 miles an hour, 


overtakes a sailing vessel 196 ft. long, going at the rate of 113 miles 
per hour. In what time will the steamboat pass the sailing vessel ? 


23, Two marching columns, which are respectively 170 yards and 
150 yards in length, pass each other in opposite directions at the 
respective rates of 4 miles and 34 miles an hour. How long after 


the meeting ‘of their front ranks will their rear ranks be 1000 yards 
apart ? 


24, A passenger train, moving at the rate of 45 miles an hour, 
overtakes a mineral train, 14 times as long and moving on a parallel 
line at the rate of 27 miles an hour, and passes it completely in 25 


seconds, How long would the passenger train take to pass completely 
through a station 165 yards in length ? ' 
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218. Averages. The average or mean of a series of quantities 
(of the same kind) is the result obtained by adding them together. 
and dividing the sum by the number of the quantities. 


EXAMPLE 1. Jn six successive years the rain-fall at a certain place 
was 31°2 inches, 27°8 inches, 32°4 inches, 26°9 inches, 29°6 inches, and 
30°8 inches. Find the average rain-fall for these years. 

The total fall for the six years 

=31'2+27°8 + 32°4+26°9 +29°6 + 30°8=178°7 inches. 
178°7 
6 


Hence the average fall = —29°8 inches (to the nearest tenth). 


Thus the same total would have been reached, if in each of the six 
years the average instead of the actual rain-fall had occurred. 


EXAMPLE 2. If a lbs. of tea at x shillings per pound, b lbs. at 
y shillings per pound, c lbs. at z shillings per pound are mixed together, 
what is the value of the mixture per pound ? 


The total amount of tea =a+b+c pounds; 
the total value of the tea =ax+by+cz shillings ; 


‘. the value of one poutidis Seed Ho shillings. 
at+bt+e 


Thus the value per pound of the mixture is the mean value of the 
several amounts which enter into it. 


EXAMPLES XII. c. 


1. What is the average height of five brothers whose several 


heights are 5 ft. 10 in., 5 ft. 7 in., 5 ft. 4 in., 4 ft. 105 in., and 
4: tte Zine? 


2. The Allan Line in 1904 owned 26 steamers having an aggregate 
tonnage of 126,185 tons. Find the average tonnage of the Company’s 
boats in that year. In 1905 the Virginian and Victorian, each of 
10,754 tons, were added ; by how much did this accession of tonnage 
increase the average? In each case give the result to the nearest ton. 


3. The average monthly profits of a firm from January to April 
were £416. 8s. 6d.; the profits for May and June were £437. 2s. and 
£489. 4s. respectively. Find the average monthly profits for the half- 
year. ‘ 


4, If 12 lbs. of tea at 2s. 4d. per pound, 10 lbs. at 2s. 6d. per 
pound, and 8 lbs. at 2s. 9d. per pound are mixed together, find the 
value of the mixture per pound. 


5, The price of copper per ton on the Ist day of each month from 
January to June was as follows: £89. 5s., £91, £93. 15s., £96. 2s. 6d., 
£98, £99. 17s. 6d. Find the average of these prices. 


If the average price (similarly reckoned) for the whole year was £99, 
find the average price from July to December. 
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6. Inan examination the average mark of the first seven candidates. 
was 92 and of the first eight 90°5: find the number of marks gained by 
_ the eighth candidate. 


7. In five, successive minutes from its start a goods-train runs 
88 yards, 147 yards, 220 yards, 352 yards, and 586 yards ; and for the 
next five minutes maintains an average speed of 33 miles an hour. 
What is the whole distance covered, and at what average speed ? 


8, The average age of 125 boys in the Fifth Forms of a school was: 
16°4 years ; and the average age of the 35 boys in the Sixth Form was 
17"7 years. Find (to the nearest tenth) the average age of the Sixth 
and Fifth Forms taken together. 


9. In one month a cricketer played 20 innings. His average for 
the first nine was a runs, and for the last eleven Jb runs. Find his 
average for the month; and work out the result (true to one decimal 
figure) when a=11°7, and b=23°3. 


10. The Hamburg American steamer Deutschland can make the 
passage from Cherbourg to New York, a distance of 3514 miles, in 
5 days 12 hours. Find her average day’s run in miles, and her average 
sea-speed in knots, i.e. nautical miles per hour. [69 miles=60 knots, 
nearly. ] 


Her runs for the first four days having been 640 miles, 622 miles, 
597 miles, and 655 miles, what must be her average speed in knots: 
for the rest of the passage, in order that she may make the time 
above mentioned? [Your results are not to be carried beyond the: 
nearest tenth of a knot. ] 


11. The rain-fall of a certain town in the months of April, May, and 
June 1907 was 1-90, 0°94, and 1-72 inches respectively ; being in April 
0°77 in. above, and in May and June 1°46 in. and 1°78 in, respectively 
below, the average of those months for the previous six years. Find 
the average for these three months both for 1907, and for the whole 
7 years, to two places of decimals. 


12.. A train from the moment of its start gradually gathers speed 
in such a way that for the first 5 minutes its rate is increased every 
minute by 6 miles an hour. 


Tabulate the distances (in yards) which would be traversed in each 
minute if the speed throughout it were (i) that at the beginning of the 
minute, (ii) that at the end of the minute. 

Estimate the whole distance covered by adding the two columns and 
taking the average of the totals. | 

The true distance run is given by the formula 

s=t fl, 
where s=the required number of yards, f=the number of yards per 
minute added to the speed in each minute (176), and t=the number of 


minutes (5). Find s; and compare your average result with the true 
distance. 
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219. Miscellaneous Examples. 

EXAMPLE 1. At what times between 4 and 5 o’clock will the hand: 
of a clock be (i) together, (ii) separated by 13 minute-spaces ? 

[In every hour the minute-hand traverses 60 minute-spaces while the 


hour-hand traverses 5 of such spaces. Thus in every 60 minutes of 
time the minute-hand will gain 55 minute-spaces on the hour-hand. ] 


(i) At 4 o’clock the hour-hand is 20 minute-spaces ahead of the 
minute-hand, so that they will be together when the minute-hand has 
gained 20 minute-spaces. 


Now the min.-hand gains 55 min.-spaces in every 60’ ; 
that is) ce eae 20 ee CX 20 or G12 
Thus the required time is 21;°" past 4. 


(ii) This will happen twice, namely when the minute-hand is 13 
minute-spaces behind and before the hour-hand. 

In the first case, the minute-hand has to gain 20-13, or 7 minute- 
spaces on the hour-hand. 


the required time is 60’ x <4, or 774’ past 4. 


In the second case, the minute-hand has to gain 20+ 13, or 33 minute- 
spaces on the hour-hand. 


the required time is 60’ x 23, or 36’ past 4. 

EXAMPLE 2. Ina race of 200 yds. B can give a start of 10 yds. to A, 
and C' give a start of 20 yds. to B ; how much start could C give A ? 

While B runs 200 yds., A runs 190 yds. ................. PER eee ee: (i), 

EER PLT aL: LSOii GC. 1... 200 iia epeeenereerena or 6c)2 a 

To compare A and C, multiply by 9 in (i) and by 10 in (ii), thus 
making 4’s number of yards the same in each, viz. 1800. 

Dhiis ois eee 1800, A runs 190 x 9, or 1710 yds., 

C runs 200 x 10, or 2000 yds. 
C runs 200 yds. while A runs 171 ; 

that is, C can give 29 yds. start to A. 

EXAMPLE 3. In what ratio must coffee worth 2s. 2d. per lb. be mixed 


with coffee worth 1s. 4d. per lb., that the mixture may be worth 1s. 8d. 
per lb. ? 


Suppose x lbs. at 26d. are mixed with y lbs. at 16d. 


Then we have 26x + l6y=20(x+y); 
. Oxz=dy, 
x 2 
that. 
so tha Pc 


Hence the values of # and y are 2 and 3, or any numbers which have 
the ratio of 2 to 3. 
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EXAMPLES XII. d. 


Find when the hands of a clock are (i) together, (ii) opposite to each 
other : 


1. Between 3 and4o’clock. 2, Between 9 and 10 o'clock. 


Find at what times the hands are at right angles : 
3. Between 6 and 7 o’clock. 4, Between 5 and 6 o’clock. 


5. At what times between 7 and 8 o’clock will there be 12 minute- 
spaces between the two hands of a watch ? 


6.° At what times between 2 and 3 o'clock will the hands of a 
watch be separated by one minute-space ? 


7. It is between 5 and 6 o’clock, and the distance between the two 
hands is 3 minute-spaces: what is the time? 


8. A gives B a start of 50 yards; if he runs 11 yards to B’s 9, how 
far has B run before he is overtaken ? 


9. In what ratio must tea worth 2s. 8d. per lb. be mixed with tea 
worth 1s. 9d. per lb. in order that the mixture may be worth 2s. per lb. ? 


10. A wine-merchant buys two kinds of spirits at 14s. 6d. and 
17s. 6d. per gallon; he blends them and sells the mixture at 16s, 8d. 
per gallon without gain or loss. In what ratio was the mixture made? 


11, Beer at 10d. per gallon is mixed with another kind at 11d. per 
gallon; how many gallons of each must an 18-gallon cask of the mixture 
contain, if it is worth 15s. 10d. ? 


12. A can give B a start of 20 yds., and Ca start of 27 yds., in a 


walking race of a quarter of a mile. How much can B give C in 
120 yds. ? 


13. Inarace of 1 mile A beats B by 32 yds., and C'by 48 yds. By 
how much can B beat C in 1080 yds. ? 


14, In 100 yds., A gives B a start of 10 yds., and C one of 15 yds. 
How much should B give C in 150 yds. ? 


15. ina game of billiards A can give B 20 points in 100; B can give 
C5 points in 100. .How many points can A give C? 


16. Ina game of 500 up, A can give 50 points to B, and 68 to O; 
how many points can B give C? 


17. A and B are out shooting grouse: A fires 7 shots to B’s 3, but 
A kills one in four, while B kills one in two. When B has missed 36 
shots, how many birds has A killed ? 
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18. A can beat B by 5 yds. in 100; C can beat B by 14% yds. in 100. 
By how much will C beat A in a mile race, the rates of walking 
remaining uniform ? 


19, A circular running path is 726 yds. round. Two men start from 
the same point, and walk in opposite directions, one at the rate of 


3} mi., and the other at the rate of 4 mi. per hour. When and where 
will they meet for the first time ? 


20. A can run 100 yds. in 105 secs. and B can run 100 yds. in 


115 secs. What start must be given to B to make the race a dead 
heat ? 


91, A runs 63 yds. while B runs 7 yds. ; B runs 164 yds. while 
Cruns 15 yds. If A can run a mile in 5 min. 15 secs., what time will 
C' take to do it? 


22. A and B start from the same point to run in opposite directions 
round a circular race-course 550 yds. in circumference, A not starting 
till B has run 100 yds. They pass each other when A has run 250 yds. 
Which will come first to the starting point, and at what distance will 
they then be apart ? 


23. A ship 44 miles from the shore springs a leak which admits 


Qt tons of water in 5s minutes ; 92 tons would suffice to sink her, but 
the pumps can throw out 12 tons in an hour. Find the average rate of 
sailing that she may just reach the shore as she begins to sink. 


24. .A and Brana race which lasted a minute and a half. A gave 
B a start of 10 yds. and beat him by 1 yd. A ran 40 yds. while B ran 
39 yds. Find the length of the course, and the rates of running of 
A and B. 


25. A train 88 yds. long overtook a man walking along the line at 
the rate of 4 mi. per hour, and passed him completely in 10 seconds ; 
what was the rate of the train? If it afterwards overtook a second 
man, and passed him in 9 seconds, at what rate was he walking? 


26. A starts 3 minutes after B for a place 4h miles distant. | B, on 
reaching his destination immediately returns, and after walking a mile 
meets A. If A’s speed be a mile in 18 minutes, what is B’s speed ? 


27. A and B start at the same time from London to Blisworth, 
A walking 4 miles an hour, and B riding 9 miles an hour. B reaches 
Blisworth in 4 hours, and immediately rides back to London. — After 
3 hours’ rest he starts again for Blisworth at the same rate. How far 
from London will he overtake A, who has in the meantime rested 
for 6 hours? 
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220. We shall now give some problems which may best be 
solved by means of equations. 


EXAMPLE 1. A is two years younger than B; seven years ago five- 
sixths of A’s age was greater than three-tenths of Bs age by 9 years ; find 
their present ages. 


Let x years represent A’s age, then B’s age is (+2) years. Seven 
years ago A’s age was (w—7) years, and B’s age was (+2-—7) years, 
or (x —5) years. 

Hence a(x ~—7)- ty (7 —5)=9. 


We can clear this equation of fractions by multiplying both sides 
by 30, which is the L.C.M. of the denominators 6 and 10; thus 


30 x § (# —7) - 30 x 53; (# — 5) =9 x 30 


or 25 (x —'7) - 9(a - 5) =270; 
25x — 175 - 92 +45=270; 
.. 16x%=400; 

wot Or 


Thus A’s age is 25 years, and B’s age is 27 years. 


EXAMPLE 2. A man can walk Jrom his house to a railway station and 
back in a certain time at 4 mi. an hour. If he walks out at 3 mi. an 
hour and returns at 5 mi. an hour, he takes 10 minutes longer for the 
double journey. Find the distance between his house and the station. 


Let x be the required distance in miles. 


At 4 mi. per hr. he will go and return in ee hours, or 5 hours. 


ane 
ICL AG OF caakes soe, ee return in ~ hours. 


Also 10 min. =} of an hour ; 


Clearing of fractions, we have 
10x +6e=154+5; 
whence v=, 


Thus the required distance is 5 miles. 
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EXAMPLE 3. At noon A starts to ride at 8 mi. an hour; two hours 
later B starts after him on a bicycle at 12 mi. an hour. How far will A 
have ridden before he is overtaken by B? Find also at what times 
A and B will be 8 miles apart. 


Let x represent the number of hours A has ridden before he is 
overtaken ; then B has ridden for x — 2 hours. 


A rides 8x miles in x hours, 
Baie OA ee a —2 hours. 


And when B overtakes A he has covered the same distance as A ; 
re (at — 2) = Bar's 
whence og 6. 


. A has ridden for 6 hours, and has covered 48 miles. 


For the second part of the question, if x represents the required 
number of hours after noon, we have by similar reasoning 


12 (x —2)=8x+8, 


where in the last term the upper or lower sign is to be taken according 
as B is 8 miles ahead of or behind A. In the former case x=8, and in 
the latter x=4. 


Thus the required times are 4 p.m. and 8 p.m. 


EXAMPLES XII. e. 


(Some of the following examples admit of easy solution without the use 
of algebraical symbols. The method of solution is left to the pupil’s 
discretion. ) 


1. ’s age exceeds A’s by 3 years, and two-thirds of A’s age is less 
than five-sixths of B’s by 10 years; what are their ages? 


2. A is 9 years younger than B, and 6 years older than C’; three- 
fourths of A’s age, four-fifths of B’s, and one-half of C’s together 
amount to 37 years: find their ages. 


3. If silk costs six times as much as linen, and I spend £9. 8s. in 
buying 23 yards of silk and 50 yards of linen, find the cost of each per 
yard. 


4, How many pounds of tea at 1s. 6d. and at 2s. 6d. per lb. must 
be mixed to make a box of 200 Ibs. worth altogether £18? 


5. <A roll of cloth was bought at 5s. 6d. a yard, and another roll, 
25 yards longer, at 5s. a yard; the two together cost £100. 15s. : how © 
many yards were there in each roll? 
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6. How many books can be bought for £5, if 17 cost as much over 
£2 as 7 of them cost under a sovereign ? 


[Let x shillings represent the price of each book, then 
17x — 40=20 — 72.) 


7. If the price of 16 eggs is as much under half-a-crown as the 
price of 12 exceeds 5d., how many can be obtained for 3s. 9d. ? 


8. By buying oranges at 15 for a shilling and selling them at a 
dozen for 15d. a man gained 13s. 6d. ; find the number of oranges, 


9. I bought a certain number of articles at five for sixpence ; if 
they had been eleven for one shilling, I should have spent sixpence less: 
how many did I buy? 


10. Two persons start at noon from towns 60 miles apart. One 


walks at the rate of four miles an hour, but stops 24 hours on the way; 


the other walks at the rate of 3 miles an hour without stopping: when 
and where will they meet ? 


11, A man can walk from A to B and back in a certain time at the 


rate of 4 miles an hour; if he walks 3% miles an hour from A to B, and 
= miles an hour from B to A, he requires 34 minutes longer for the 


double journey : what is the distance from A to B ? 


| VSS 03 has 5 miles start of A, but travels at the rate of only 3 miles 


an hour, while A travels at the rate of 4+ miles an hour ; where will 
A overtake B, and how long will he take to do it? 


hoe. oA boy walks to school at the rate of 35 miles an hour, and is 


one minute late ; if he had walked at the rate of 35 miles per hour he 
would have been 3 minutes late: find the distance to the school. 


14, A boy walks to school at the rate of 34 miles per hour, and is 
4 minutes late; the next day he increases his pace by a quarter of a 
mile per hour, and is 2 minutes late: find the distance to the school. 


15, Two trains start. at the same time from Sheffield and Leicester 
and proceed towards each other at the rates of 30 and 50 miles per hour 


respectively. When they meet it is found that one train has run 143 


miles more than the other. Find the distance between Sheffield and 
Leicester. 


16. Two cyclists start from the same place to ride in the same 
direction. A starts at noon at 8 mi. an hour, and B starts at 1.30 p-m. 
at 10 miles an hour. How far will A have ridden before he is overtaken 
by B? Find also at what times A and B will be 5 miles apart. 


17. If P and Q represent two towns 35 miles apart, and if A walks 


from P to Q at 34 mi. an hour while B walks from Q to P at 24 mi. an 
hour, both starting at 9 a.m., when will they be 5 mi. apart ? ; 


’ 


236 ARITHMETIC. [CHAP. XII. 


18. ‘Iwo men ride towards each other from two places 60 miles apart, 
one at 12 mi. an hour, and the other at 9 mi. an hour. Find when 
they are first 18 miles apart. How must your equation be altered so 
as to find the time when they are 18 miles apart after meeting ? 


19. <A, B, and C set out to walk from Bath to Bristol at 5, 6, and 
4 mi. an hour respectively. C starts 3 minutes before, and B 7 minutes 
after A. Find (i) when and where A overtakes C; (ii) when and 
where B overtakes A. 


20. I row against a stream flowing 14 mi. an hour to a certain point, 
and then turn back, stopping 2 mi. short of the place whence I 
originally started. If the whole time occupied in rowing is 2 hrs. 


10 mins., and my uniform speed in still water is 45 mi. an hour, find 
how far upstream I went. 


21. A cyclist has to ride 75 miles. He rides for a time at 9 mi. an 
hour and then alters his speed to 15 mi. an hour, covering the distance 
in 7 hours. At what time did he change his speed ? 


22, A dairyman buys milk at 5d. per quart: how must he mix it 
with water so that he can sell it at 4d. per quart without loss ? 


23. If 18 gallons of spirits at 18s. 6d. per gallon are mixed with 
14 gallons at 21s. per gallon, how much water must be added to reduce 
the value to 16s. 6d. per gallon? : | 


24. A can run 50 yds. while B runs 45 yds.: if B has 5 minutes start 
in a race, what time will A take to get level with B? 


25. A person swimming in a stream which runs 143 mi. an hour 
finds that in a given time he can swim five times as far with the stream 
as he can against it: at what rate does he swim? 


26. ‘Three trains A, B, C travel on the railway from Bristol to Hull, 
a distance of 220 miles, at the rate of 25, 20, 30 miles per hour 
respectively; A and B leave Bristol at 7 a.m. and 8.15 a.m. 
respectively, and C leaves Hull at 10.30 a.m.: when and where will 
A be equidistant from B and C@? 


27. An electric train is ten minutes late when it performs its usual 
journey at 10 mi. an hour, but only five minutes late when it travels 
at 12 mi. an hour: find the length of its journey. 


Let x mi. represent the distance, and let a be the number of hours 


the train takes when running to time; then 


i 2 


6g Oe eee ek: 
“105062 also a=75- 75, | 
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MISCELLANEOUS EXAMPLES III. 


1, On a certain day the average price of wheat was 28s. 5d. per 
_ 480 lbs., of barley 24s. 5d. per 400 lbs., of oats 17s. 11d. per 312 lbs. 
- Find, correct to the nearest penny, the price of each per cwt. (C.8.) 


2, leven persons contributed a certain sum. Nine of them gave 
£5 apiece, and the other two gave £5 and £10 more respectively than 
the average subscription of the eleven subscribers. What sums did the 

_ two persons give? 


3. The tax on tobacco at the average rate of 4s. for 1 lb. produced 
£13,184,767 in the year ending March 31st, 1905. Find, to the nearest 
ton, the weight of tobacco taxed. 


4, Find, to the nearest penny, the price per Ib., in English money, 
of tea which costs in France 3°50 francs per kilogram, assuming that 
1 Kg. =2°204 lbs., £1=25-34 fr. 


5. A labourer who was earning, wet or fine, £1 a week, took work 
at 7d. an hour. He worked 8 hours a day and 54 days a week ; but in 
the course of 52 weeks he lost 15 days’ work through rain. What 
did he gain in the 52 weeks by the change ? 


6. Find the value of 
35°705682 x 581°35823 + 82:05972 
to two places of decimals, using contracted methods. 


7. Give, to the nearest penny, the sum wanted to complete the 
following letter: ‘Dear Sir, we hand you herewith London draft 
for , being the equivalent in English money of 15 dollars, 
at the rate of 4-875 dollars to the pound sterling.” we (CS) 


8. A boy had to multiply £5°786495 by 317; but he disregarded all 
figures in the multiplicand after the third decimal place. Find, to the 
nearest farthing, what the consequent error was. (G:8>) 


9. A bicyclist rode trom A to B, a distance of 25s miles, in 2 hours 
15 minutes. What was his average speed in feet per second? Give 
your answer to the nearest whole number. 


The bicyclist returned from B to A by another route, by which the 
distance was 28 miles, and at an average speed which was five-sixths 
of the average speed on the outward journey. How long (to the 
nearest minute) did the return journey occupy ? (C.8.) 


10. From the following data, find (to the nearest whole number) 
how many gallons of beer were drunk per head, and (to the nearest 
shilling) how much per head was contributed to the revenue in this 
way: 


: Barrels of beer drunk. Revenue from 
pee Population. 1 barrel=386 gallons. beer in £. 


1904-5 43,331,000 35,862,068 13,123,679 _ 
| (C.8.) 
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11. Multiply 1:003659 by 273-3, correct to four decimal places. 
Find the numerical value, when #=11, of 


a3 —10°9x? + 9°4a — 102. 


12. Taking 70 yards as equivalent to 64 metres, shew that a man 
going 2 metres per second will walk 18 miles in 4 hrs. 1 m. 23 s. 


13. A can give B 36 yards in a race of 300 yards, and A can give 
C 33 yards in 330; find what start C should allow B in a race of 
300 yards. 


14, In travelling by train the knocks heard indicate the passage 
of the carriage from one rail to the next. Verify the truth of the 
following general statement for the particular case of 34 miles an hour: 
that, when the length of each rail is 22 feet, the number of knocks 
heard in a quarter of a minute is the number of miles per hour the 
train is travelling. 


15. A man paid this year for income tax £20. 12s. 6d. at 11d. in 
the £, and the year before £26. lls. 3d. at 1s. 3d. in the £. If he 
obtains the same increase of salary next year and the income tax is 10d. 
in the £, what will his income tax amount to? 


16. A man has to go by train from A to B and back each day 
(Sunday excepted) for 40 weeks every year. A return ticket costs 
4s. 6d., except on Saturday, when it costs 3s. ld. What will he save 
annually by taking a season ticket which costs £25 a year? 


17. Multiply 1:423056... by 32-6231... correct to 3 places of decimals, 
and divide 43°7846... by 6°4395... correct to 2 places of decimals. 


18. Five men can do a piece of work in 14 days; if they have two 
boys to help them they can do it in 12 days; find what proportion 
of a man’s work a boy can do. 


19. A crew, rowing 32 strokes a minute, rows a mile in 7 min. 35 SECS. ; 
find, correct to an inch, the distance travelled each stroke. 


20. Find the sum of 5 of £17. 14s. 9d., 4757 farthings, and £17-675. 


21. If 25 francs=£1, and a gram=0-002204 lbs., find in French 
money the price of a kilogram of an article which costs a shilling 
an ounce. } 


22, The claims against a bankrupt company are £5000 claimed by 
the bank for an overdraft, £4000 claimed by A, and £11,000 by other 
creditors. Moreover, A has guaranteed the bank against loss. The 
available assets are £4000. The case is taken into court, where A’s 
claim against the company is reduced to £2000, and the other claims 
are allowed in full. How much more is A out of pocket after dis- 
charging his guarantee than he would have been if the court had not 
reduced his claim ? ; (C.S.) 
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23. High water at Cork is 3 hours later, and at Boulogne Q% hours 
earlier, than at London Bridge. High water at Boulogne on Aug. 23 
was at 10.3 a.m. (French time). Find the local time of the corre- 
sponding high water at Cork, given that English time is 10 minutes 
behind French time and 25 minutes ahead of Irish time. (C.8.) 


24, Platinum costs £4. 18s. 10d. per Troy ounce. What will a 
platinum crucible weighing 21-6 grams cost, the cost of workmanship 
being neglected? [A Troy ounce is 31:1 grams. | 


_ 25. A man 30 years of age has accumulated £3000 and has a salary 
of £600 a year, of which he spends £300 and saves £300. He deter- 
_ mines to stop work (and give up his salary) as soon as his savings 
would enable him to continue spending £300 a year until the age of 90. 
How long must he continue to work? N.B.—No interest on savings 
is to be reckoned. (C.S.) 


26. A train 210 yards long, going 25 miles an hour, overtakes 
another train 318 yards long, going 17 miles an hour in the same 
direction on a neighbouring parallel line ; how long will the first train 
take in passing the second one? 


27. Aman buys 500 yards of copper wire at 2d. per yard, and sells 
it in France at 30 centimes per metre. Find his profit in English 
money, correct to a penny, having given 


£1=25°34 franes, and 1 yd.=0°914 metre. 


28, A man lives at a place from which there are two railway lines 
to London, belonging to different companies. On three days of the 
week he goes and returns by the same line; on the other three week 
days he is obliged to travel to London by this line, and return by the 
other; and on Sundays he does not travel at all. The charges by 
either line are Is. for a third-class single ticket, 1s. 10d. for a third- 
class return. A season ticket for a year costs £20. 8s. by the railway 
he usually travels over. If he has 5 weeks’ holiday during the year, 
and does not travel by either line during that time, will it pay him 
to take a season ticket ? (C.8.) 


29. For estimating the rental value of property a valuer charges 
5 per cent. on the first £200 and 2% per cent. on the remainder of 
the estimated rental value. What will his charge be for valuing 
property which he estimates at a rental value of £1735? 


30. On the Great Western Railway, among the receipts one year 
were £356,926 derived from first-class passengers, and £472,793 from 
second-class passengers. The rates on which the fares are based are 
2d. and 1/d. per mile respectively. If the company had abolished the 
second class, and had reduccd the rate for first class to 1id., find how 
much the company would have gained or lost, assuming that all the 
second-class passengers would have travelled first class. (G.8.) 


A wp 2 ha . 
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31. I know the average weight of five metal bars to be 2 kilograms 
75 grams, and the weights of four of them to be 3 kilograms 8 grams, 
2 kilograms 92 grams, 2 kilograms 14 grams, and | kilogram 9 grams, 
respectively. All these weights being correct to the nearest gram, 
between what limits must the weight of the fifth bar lie? (C.S8.) 


32. The population of a certain town is now 77,793. The annual 
birth-rate is 30°8 per 1000, and death-rate 21°7 and the number of 
new settlers is equal to the number of people that leave the town. If 
these rates do not change, what will be the population three years hence 
to the nearest hundred ? (C.S.) 


33. A journey of 132 miles can be performed either by river steamer 
or by train. The charge by steamer is at the rate of 1 shilling for 
20 miles, and by train at the rate of 1 penny per mile. I cannot afford 
to pay more than 8 shillings for the journey. What is the least distance 
which I must travel by steamer ? (C.8.) 


34, A and B in one boat challenge C and D in another boat to 
a single sculling match of 50 miles. A and B take it in turns to row 
stretches of 6 miles, A beginning. Cand D take it in turns to row for 
an hour, C beginning. If A and C can each row 5} miles an hour, 
while B and D can only row 5 miles an hour, which boat wins and 
by how much? (C.8.) 


35. Three boys, P, Q, R, set out for a town some miles away, and 
use a tandem bicycle to get there sooner. Each walks 4 miles an hour, 
and any two on the bicycle go 10 miles an hour. FP sets off on foot, 
@ and FR on the bicycle. @ and RA ride 2 miles, then Q goes on foot 
while R waits for P. How long does R wait, and how far does @ 
walk while he is waiting? When P arrives, P and R ride on till 
they overtake @. At what distance does this happen? And at what 
time from the start ? (C.S.) 
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CHAPTER XIII. 
; SQUARE Roor, 


221. Tuer terms square root and cube root have been defined 
in Chap Iv., and it was there explained how to find the square 
or cube root of certain numbers which can be readily expressed 
in factors. The pupil is recommended here to revise Arts. 84 
and 85. 


The principal object of the present chapter is to explain a 
general process for finding square roots. The process by which 
roots of numbers are found is known as evolution or the 
extraction of roots. 


222. The following table should be carefully studied. The 
pupil will find it useful to extend it for himself. 


Number 


1f2]3j4|5[e|7|s]9 [fuel]... 


Square Jr] 4] 9] 16 | 25 | 36 | 49 | 64 | 81 | 100] 121 | 14 | e 


Here we notice 


(i) That a number consisting of one digit has either. one or 
two digits in its square. 


(ii) That none of the numbers from 1 to 9 has a square ending 
in 2, 3, 7, or 8. And since every number must end in one of 
the nine digits or zero, it follows that no square number can end 
with 2, 3, 7, or 8: 


Thus the square of every number must end in 0, 1, 4, 5, 6, or 9. 


(iii) Every integer is the square root of some other integer, 
but only a few numbers have an exact integral square root. 
For example, 40 lies between 36 and 49, and its square root lies 
between 6 and 7, and is-not integral. 


AR. H.S. Q 
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223. A number which has an exact square root, either in- 
tegral or fractional, is called a perfect square. 


Thus 64, 169 are perfect squares whose square roots are 8 and 
13 respectively. 


64; TRE. 
Also 5&4, is a perfect square whose root is +. 


It will be seen later that an approximate square root of any 
number which is not a perfect square can always be found to 
any required degree of accuracy. 


224. From the table in Art. 222, it is seen that a number of 
1 digit has either 1 or 2 digits in its square. 


Again’ since 10?=100, 100?=10000, 1000?=1000000, and so on, 
it is evident that 


a number of 2 digits, that is a number lying between 9 and 100, 
has either 3 or 4 digits in its square ; 


a number of 3 digits, that is a number lying between 99 and 
1000, has either 5 or 6 digits in its square ; and so on. 


Thus for every additional digit in a number there are two 
additional digits in the square of the number. If then in any 
given number whose square root is required we separate the 
digits into periods of two beginning from the right, the number of 
digits in the square root will be equal to the number of such 
periods. If the given number consists of an odd number of digits 
the last period will contain only one digit. Thus the square 
roots of the numbers 3481 and 4157521 will have 2 and 4 digits - 
respectively. : 


225. The square of the sum of two numbers ts equal to the sum of 
the squares of the two numbers + twice the product of the two numbers. 


Thus if a and 6 are any two numbers, 
(a+b2=a2+2ab+0?; [Art. 57] 
(a+b? —a?#=(2at+b)b. op 

Similarly (40 + 6)? = 402 + twice (40 x 6) + 6?; 

. also 467 — 40?=(twice 40+6) x 6. 
In the same way, we have 
3292 =(320+9)2 
= 320? + twice (320 x 9) +92, 
or 329? — 320? = (twice 320+9) x 9. 
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ExaMPLE 1. To find the square root of 2116. 


Supposing we know the result to be 46, we have to devise a process 
for finding the digits 4 and 6. 


Marking off the digits in periods 

21,16 (40+6 of two, beginning from ie cotiht, 

1600 we see that the root will consist of 

40 x2 —~g¢ | 516 | 2 digits. Also 2116 lies between 402 
ay 3 516 and 50°. And since 


46? — 40?= (twice 40 +6) x 6, 


we see that after subtracting 40? (or 1600) from 2116, the remainder 
when, divided by (twice 40+6) will give the second digit of the root. 
Part of this divisor is the digit we are seeking to complete the 
root; but the more important part is twice the number 40 already 
found. Hence we use this part as an approximate divisor, and the 
next digit of the root is obtained by trial. In practice we take 51 


as a ‘trial dividend,’ instead of the full remainder 516, and 8 as 
‘trial divisor.’ 


The next example shews how the process may be extended, if 
_ hecessary, beyond the second figure of the root. 


EXAMPLE ‘2. Find the square root of 108241. 


(i) (ii) 


1082.41 ( 300+20+9 10.82.41 ( 329 
_90000 9 
gee _ 699 | 18241 62 | 182 
+20f = 124.00 124 
a 320 x2) _ 649 58 41 649 | 5841 
: 49s" | 5841 eat 


. the required square root is 329, 


(i) shews the work in full; (ii) is the practical arrangement, shortened 
_ {as in long division) by the omission of place ciphers. 


___ In (ii) the process is as follows. After marking off the periods from 
_ the right, the highest square below 10 (the last period) is 9; its square 
_ root is 3, which is placed as first digit of the root. After subtracting 
_ the square of 3, the first remainder is 1, to which we affix the period 82, 
_ and the dividend is 182. We use 18 as ‘tria] dividend ’ and twice 3, or 
6, as ‘trial divisor.’ This suggests 3 as the digit for the tens’ place. 

This proves too large and we select 2. The next remainder is 58, to 

which we affix the period 41. The portion of the root obtained so far 
is 32. Hence, the new ‘trial divisor’ is 32x 2, or 64. Using 584 as 
_ ‘trial dividend’ we obtain the final digit 9. 
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Reason for the process. In (i), at the first stage we subtract 300°; at 
the second we subtract from the remainder (twice 300+ 20) x 20, that 
is (twice 300 x 20+20?); so.that up to this point we have subtracted 
3002 + twice (300 x 20) +207, which is equal to (300+ 20)? or 320°. 


From the last remainder we subtract (twice 320+ 9) x 9. 
So that in all we subtract in successive operations 

320? + twice (320 x 9) +9, which is equal to (320+ 9)? or 329. 
There is no remainder. Thus 329 is the square root. 


EXAMPLE 3. Find the square root of 13010449. 
(i) (11) 


13,01,04.49 ( 3607. 13.01,04.49 ( 3607 
2 66 Ee 
66 401 fs = 
396 7207 50449 
720 50449 
7207 50449 


The required square root is 3607. 


Here after two digits have been obtained we find that the ‘trial 
divisor’ 72 will not divide into 50; thus the next digit in the root is 0. 
We place this in the root and also in the divisor, and bring down the 
next period. 


(ii) Shews how the work may be further shortened by the Italian — 
method. 


EXAMPLES XIII. a. 


Find the square root of 


1° 36%: 2. 529. 3, 841. 4, 961. 
5. 1369... Seg emasae 7, 2304. 8. 3481. 
9, 3364. 10. 5329. 11, 37249. 12, 53824. 
13. 19600. 14, 95481. 15. 549081. 
16. 501264. 17. 819025. 18, 2819041. 
19, 18671041. 20. 13704804. 21. 1006009. 
99, 420865225. 93, 8617223241. 24, 1157428441. 


95. From the work in Ex. 3, Art. 225, shew that the square of 3600 
is less than 13010449 by 50449. 


26. By finding part of the square root of 174345616, find by how 
much 174345616 exceeds (i) (13000), (ii) (13200)2. 


27. Given that 184041 is the square of 429, find as shortly as 
possible the square root of 18464209. 
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226: Square root of a decimal. The principle of place value 
of successive digits enables us to use the foregoing method to 
extract the square root of a decimal number. By the principles 
of multiplication of decimals, it is evident that the square of any 
decimal must always contain an even number of decimal digits, 
and that the number of decimal digits in the square will be double 
‘the number of such digits in the square root. 


For example: (:2)?=-04, ('8)?='64, ("13)?= ‘0169, 
(05-0025, (2'8)"=7'84,  (6:3)2= 39-69, 


Hence in finding the square root of a decimal we begin by 
marking off periods of two digits to right and left starting Jrom the 


decimal point. Each period will furnish one digit to the square 
root. 


EXampLe. Find the square root of 
(i) 18°4041 ; (ii) ‘00367236. 
(i) (ii) 


18 40.41 ( 4:29 00.36.72 36 ( -0606 
16 Pe ap 
82 | 240 36 
- 164 120 7236 
849 | 7641 : 1206 7236 
7641 Rr 


The square root = -0606. 
The square root = 4°29, 


In (i) the square root is obviously greater than 4 and less than 5. 
After obtaining the first digit of the root we place the decimal point, 
_ and the rest of the work proceeds exactly as in the case of integers. 


In (ii) as the first period of the decimal consists of two ciphers, 
the corresponding first digit in the root will be a cipher after the 
decimal point. Bringing down the next period we have 6 ‘for the 
corresponding digit’ in the root, and no remainder, Bringing down 
the third period we have 12 for ‘trial divisor’ and 7 for ‘trial 
dividend.’ Hence the next digit in the root is 0. 


EXAMPLES XIII. b. 


Find the square root of the following decimals : 

By 21 T°56. ae 2025, 3. 6241. 4, 0289. 

5, 7°3441. 6. 41:2164. 7 49:1401. 8 998-56, 
9, 99°8001. 10. 1218°7081. 11, 5-774409. 49. ‘00139876. 
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Find the square root of the following decimals : 
13, 97504889. 14, 557°196025. 15, °0001595169. 
16. 304°607209. 17, 2704°416016. 18. 67620°8016. 


19. Shew from the Example of Art. 226 that (4°2)? is less than 
18°4041 by °7641. 


20. Find by how much 5:354596 exceeds (2°31)?. 


227. If a number is not a perfect square its square root can 
be found to any required number of figures, but the process can 
never terminate. 


EXAMPLE 1. Find the first four figures of the square root of 5°23. 
5,°23.00.00.... (2°286... 
4 

After bringing down the last sig- 


i aa nificant figure, two ciphers are 
. ads brought down at each stage, and 
448 3900 appended to the remainder at that 
: 3084 stage. Hence no new figure in the 
4566 31600 root can produce a ‘divisor’ which 
27396 will bring the process to an end. 
4204 


The required square root = 2'286.... 


Note 1. By observing the remainders at the different stages of 
work we have the following results: 


5°23 — (2°2)?= "39, 5°23 - (2°28)?= 0316, 
_ -- 23 — (2286)? = 004204, and so on. 
And as these remainders are getting smaller and smaller, it follows 
that with each new figure in the root we obtain a result which is 


a closer approximation to the true value than the result at the 
preceding stage. 


Note 2. In finding the approximate square root of a decimal it 
is particularly important to observe the rule for pointing the digits 
in pairs from the decimal point. Thus the square roots of 


4, 2°5, 8°1, and °121 


are not Qo ane *h)s ¢. 
for by writing the decimals in the form 
"40 00 2.25 2550 DO ee eS A O00 ..-. « 12IOOD es 


it is evident that: the first digits of the roots are ‘6, 1, 2, and 3 
respectively. 
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EXAMPLE 2. Find the first 7 figures of the square root of 2. 
(i) 
2.00.00... (1°414213... 
i 
7 (ii) 
I 
B 2,°00.00,... ( 1°414 
400 e100 
281 281 \" 400 
11900 2824 \ 11900 


24 


281 


2824 


imal 2828 \ 604 ( 213 
2828:2 \ 604/00* "38 
“| \ 565\64 | oe 
2828.41 \ 383600 BY 
| \ 9siogai 2 


101075900 
81485269 


1/590631 


2828423 


Thus the required square root = 1°414213.... 


In (i) the work is given in full; in (i1) the Italian method has 
been used. | 


At the stage marked * four digits of the root have been obtained, 
and the ‘trial divisor’ consists of Jour digits, viz. 2828. The 
remainder at this stage is 604, and if instead of bringing down 
a new period, and appending a new digit to the divisor, we divide 
604 by 282(8), cutting off the last digit and using the contracted 
method, we can obtain three new digits of the root, as shewn in (11), 
and it is clear that the work is merely the shortened form of that 
_ Shewn to the left of the vertical line in (i). 


This example illustrates a general rule which may be enunciated 
as follows: 


When a certain number of digits of a square root have been found 
by the ordinary rule, one less than the number already found can be 
obtained by contracted division. 


For a general proof of the rule, the student is referred to Hall and 
Knight’s Hlementary Algebra, Art. 220. 


228 Though it is impossible to find an exact number which 
when multiplied by itself is equal to 2, by carrying on the work 
of the preceding example far enough we can find a decimal number 
whose square can be made to differ from 2 by as little as we 
please. [Compare Art. 227, Note 1.] This is what is meant when 
we speak of “the square root of 2.” : 
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EXAMPLES XIII. c. 


Find the square root of the following, correct to three places of 
decimals. 

(If necessary the fourth decimal digit must be examined in order to 
correct the third. | 


Sate S Asst 5 8.1.6. Ae 

oe 6. 2°5. Teed 47. 8. 0°07. 
9, 0-51. 10. 0-051. 11. 0°144. 12. 235°6. 
13, .133°05. .° 14, 17-453. 15. 290. 16. 0°57i. 


[The square root of a fraction, if the denominator is a perfect square, 
is found by taking the square root of the numerator and denomwnator 
separately. 

Thus Vxs=%, because 8x B=, 


o 
A mixed number must first be expressed as an improper fraction. | 


Find the square root of 


17. 3, 18, Tore ote 20, 392 
. 37g? 82 AAA. OBE. =A. 112578F. 


229. In the case of a fraction whose denominator is not a 
perfect square, we may either convert the fraction into a decimal 
as a first step, or multiply numerator and denominator by such a 
number as will make the denominator a perfect square. 


Exampie. Find the square root of (i) 2435 (ii) 14%. 


(i) 245 =./2°7627... =1°6621.... 

ideo 23 93x2 »/46 6°78233... 
il BN ee : epee 
(i) V1y%s 18 1i8x2 6 6 ae 


The first method is usually to be preferred unless the denominator 
is small. 


EXAMPLES XIII. c. (Continued.) 


Find correct to three places of decimals the square root of 


ees 26. 2. a7, § 98, 4%. 
co) baa gas hae $2, 
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Evaluate the following square roots, using the method of Ex. 2, 
Art. 227, to shorten the work. 


33. 0565 to 5 places. 34. /-036 to 6 places, 
35. A/ ae to 5 places. 36. 3575 to 6 places. 
Surds. 


230, If the root of a number cannot be exactly obtained, the 
root is called a surd or an irrational number. 


Thus ,/2, ./3, ./5 are surds, and they are said to be incommen- 
surable, since the decimal part of such quantities cannot be 
absolutely expressed as a fraction of the unit. 


231. It will be found that /5 =2°236068..., that is ./5 lies 
between 223606 and 2-23607; and therefore the error in using 
either of these quantities instead of ,/5 is less than ‘00001. By 
taking the root to a greater number of decimal places we can 
approximate still nearer to the true value. 


og Expressions involving surds, such as + pe? wap 
243 are of frequent occurrence. If in dealing with such expres- 
sions we were at once to substitute approximate numerical values 
for the surds, we should often be involved in tedious and un- 
necessary labour. To avoid this it is advisable to postpone 
substitution until the surd expressions have been simplified as far 
as possible by means of the following formule. 

(i) /ax,/b=,/ab. Thus J2x a= ./6; 
(ii) Va? xb=,Ja? x J/b=a/b. Thus J/18=V9x9 =3,/2. 
(iii) (/a+,/b)(Ja—./b)=a-b. 
Thus (/5+,/3)(/5 —./3)=5 -3=2, 


; ee | J/7 
EXAMPLE. Jind the value of (i) — | pean aL 
figures. V5 J7—/5 
In gach of these examples the first step is to get rid of surds in the 
denominator. Moreover in (ii) it will be noticed that if the denomi- 


nator is not freed of surds we shall require the values of /7 and /5, 
and shall then have to divide one long decimal by another. 


1 _ 1 | J5_n/5_ 2-236088... 
5D. pe EB 


e. (ti , each correct to five 


(i) 244791 


250 ARITHMETIC. [CHAP. 


(iy NT NT Nn EM IT A/T 
N7-N5 /T-N5 A/T 4/5 (7)? — (/5)? 
_ 714/35 _7+/35 
Te ee 
_ 74591607... 


2 


_ 1291607... 
2, 


= 6'4580.... 


233. Cube, fourth, and higher roots. It will be seen in a 
subsequent chapter that the extraction of roots can be very easily 
effected by the aid of logarithms. For this reason, and because 
cube and higher roots are rarely required, we do not here give any 
specific method for their extraction. 


234. Since the fourth power of a number is the square of its 
square, the fourth root of a number is the square root of its square 
root. 


Thus 34=81=9?; and 9 is the square of 3, 
and V/81= 3 =,/9; and 9 is the square root of 81. 


EXAMPLES XIII. d. 


Find the value of the following surd expressions, correct to four 
places of decimals : 


1. ay 2, 5 3, ie Fs ss 
5. 6 6. ae 7 sa 8. aa 

9. ER 10. oF iW. 5 7 = cast 
13. coat 14. vost 15. 5 16. se 


Find the fourth root of 
Ti psord ib. 18. 108243216. 19. ‘000006765201. 


Evaluate to 3 significant digits 
20. /53°686. 21, 172358. 
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235. Miscellaneous Examples involving square root. 


EXAMPLE 1. A rectangular garden 


» the length of which is four times 
tts breadth, has an area of 2 ac. 321 sq. yds. ; Jind its length and breadth 
to the nearest yard. 


Let the sides be denoted by x and 42 yards respectively ; 


then the area=x x 4x sq. yds. 


4] 10041 
But the area=10041 sq. yds. ; 25,10,'25 ( 50°1 
.* rh ee 5 25 
..”. 40° = 10041 ; 1001 1025 
whence x=50'1... 1001 
; 24 
and 4%=200°4.... 


Thus the required lengths are 50 yards, and 200 yards. 


EXAMPLE 2. A square field contains 10 acres. Find the cost of 
running a fence round it at 3s. 6d. a yard. Also find to the nearest 


penny, the cost of a chain, at 1s. 4d. a yard, which will reach from one 
corner to the opposite one. 


(i) If the length of a side=x yards, we have 
| «“*=10x 4840; whence x=220, 


nee 
33 X 22 Be pounds 


=£154, 


-. cost of fence= 


(ii) Let the diagonal of the square be denoted by d yards. 
Then by a well-known property of a right-angled triangle, 
d? = 220" + 2202 = 220? x 2 ; 
» d=220n/2. 
- required cost =£(14 x 11,/2) =£(15 x 11x 141421...) 


[Art. 227, Ex. 2.] 
= £20°742, to 3 places of decimals, 


A te 


RPAN SO eon ToT 
Mf NM OHS M} LIBRARY 

Notes. (i) If thd sides of a right-angled jtriangle, are a, b, c units 

_ respectively (the sidé c¢ being opposite the Hoh bick eo? + b?, 


(ii) If the side of py is, a 
units. 


units, its diagonal is an/2 of such 
ht ae gee 


ccession Fine 
u / 
UDC No: SILS MAL 
Z . ii Q e od<e. "+096 ele dahaveccveccevenne 
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EXAMPLES XIII. e. 


1. The adjacent sides of a rectangular field are 161 yds. and 
240 yds. ; find the length of a diagonal. 


92, A rectangular courtyard measures 137 ft. diagonally from 
corner to corner ; if one side is 88 ft., find the other. 


3, The area of a square field falls short of 10 acres by 439 sq. yds. ; 
find the length of each side. ; 


4, Find, to the nearest yard, the length of each side of a square 
field whose area is 439 ac. 33 p. 


5, The sides of a rectangle are 577 m. and 450 m. respectively ; 
find to the nearest metre, the side and diagonal of a square of equal 
area. 

6. Find the values of x which satisfy the following equations : 

(i) © 1944, (ii) 1625 en 2! 16°92 

BAR ro au BB ie 

Ae 7. The area of a square field is 1 ac. 785 sq. yds. Find the cost 
of fencing it round at 2s. 7d. per yard. 


“! 8, How long will it take to walk round a square field whose area 
is 160 ac., at the rate of 4 mi. per hour. 


Tt. 9, The length of a rectangular courtyard is 3 times its breadth : 
{iffits area is 2715 sq. yds., find the length of its sides to the nearest 
tenth of a yard. 


10. The cost of levelling and turfing a square cricket field at 
£175. 9s. 4d. per acre is £987. Find the cost of surrounding it with 
railings at 3s. 2d. per yard. 


11. The cost of paving a square court with stone slabs, each 
18 inches square, at %s. 3d. a slab, is £16. 4s. What is the length of 
each side of the court ? 


12. There is a square enclosure of 10 acres; a man walks at the 
rate of 3 mi. an hour along one side, along a diagonal, along another 
side, and so returns along the other diagonal to the starting point. 
How many minutes does it take him? 


13. ABC is a triangular field of which the base BC=150 yards, 
and the height (that is, the perpendicular drawn from A to BC) 
is 88 yards. Find the area of the triangle; and also find to the tenth 
of a yard the side of a square field of equal area. 


[N.B. The area of a triangle is half that of a rectangle on the 
same base and of the same height. ] 
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14. The area of a circle in Square centimetres is given by the 
formula A=zr?, where r denotes the radius in centimetres, and 7 is 
a constant multiplier approximately equal to 3°1416. 


(1) Find to the nearest Sq. mm. the area of a circle whose diameter 
is 20 cm. . 


(ii) Find to the nearest mm. the side of a square whose area is equal 
to that of the circle. 


15. If a, b, ¢ denote the sides of a triangle, its area may be found 
from the formula 
area of triangle = 1 (a+b+c) x (b+c-a) x (c+a-—b)x (a+b-c). 
Find the areas of the triangles whose sides are 
(i) 1l inches, 9 inches, 8 inches; 
(ii) all equal to 10 inches, 


[The answers are to be correct to three significant figures. ] 
16. From the formula for the area of a circle given in Ex. 14, 
we get r= afA Use the formula in this Shape to find the radius of 
Tv 


a circle whose area is equal to that of a square on a side of 10 em. 
[Answer to three significant digits. ] 


17. When 10 litres of water have been poured into a certain 
cylindrical jar, the water stands 8 em. deep. Find the internal dia- 
meter of the jar, having given 


volume of water in jar=h x d? x 0°7854, 


where h=the depth of the water in cm., and d denotes the diameter. 
[Answer to three significant figures. ] 


18, When the temperature is ¢ degrees Centigrade, the velocity of 
sound in air is given in metres per second by the formula 


velocity = 332°4 x \/1 + 00366 xz. 


Find, to the nearest metre, the velocity of sound at a temperature 
of 20°C. 


CHAPTER. XLV; 
AREAS AND VOLUMES. 


236. Square Measure. The Tables of Square Measure and 
the easier applications of them have been given in Chapter U. 
The pupil is recommended to revise Arts. 30-33 before proceeding 
to the examples of greater variety and difficulty in the present 
chapter. 


237. Rectangular Areas. In Art. 33 it was shewn that 
area of rectangle =length x breadth, 


in the case when the length and breadth were expressed in terms 
of the same unit by whole numbers, but the formula holds good 
when the length and breadth are fractional. 


This may be illustrated as follows : 


Suppose the length and breadth are 3:2 cm. and 2°4 cm.; we shall 
shew that the area is (3°2 x 2°4) sq. cm. 


For length =3'2 cm. =32 mm., 
breadth =2°4 cm. =24 mm. 
*, area = (32 x 24) sq. mm. ae sq. em. 


= (3'2 x 2°4) sq. cm. 


Thus for any rectangle, if the Zength=1 units, and the breadth =) 
units of the same kind, the area (A) in corresponding units of square 
measure is given by the formula 


A=(x6b. 


The numbers denoted by 7 and 0 are called the dimensions of the 
rectangle. The sum of the sides of the rectangle is called its 
perimeter. 


Thus the perimeter =2(/+ 0). 
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238. From the formula A=/x b, we derive 


/=A~b, or . and b=A~1, or 2 


p 


so that any one of the three quantities involved may be found 
when the numerical values of the other two are given. 


Notr. In applying these formule care must be taken that the units 
of length and area correspond. Thus in the formula b=A-+1, an area 
given in square feet must be divided bya length expressed in linear feet s. 
an area in square metres by a length in linear metres. The results will 
be the breadth in linear feet and linear metres respectively. 


EXAMPLE 1. Find the cost of painting a ceding 18 ft. 8 in. long by 
13 ft. 6 in. wide, at 1s. 3d. per square yard. : 
Here length =18 ft. 8 in. =182 ft., 
breadth =13 ft. 6 in. = 134 ft. 
. area=(182 x 131) square ft. 
= (52 x 21 x +) square yards. 


And the cost is 14s. per square yard, 


7 
. oF 2H 1. 5 “17° 
. the total cost = (= x3 X 3 x =) shillings 
= 35s.=£1. 15s. 


Nore. As the area is not asked for, no simplification of the fractions 
is required until the last step. 


EXAMPLE 2. The area of @ rectangular strip of cloth is 0:0136 of 
@ square metre, and its length is 85 centimetres 3 find tts breadth. 


Here area =0'0136 sq. metre 
= 136 sq. centimetres, 
and length = 85 centimetres ; 
. breadth =13.6 om. 
=1°6 cm. 


EXAMPLE 3. The area of a rectangular field is 4 ac, 2 r. 9 p., and 
tts length is 12 chains 15 links; find its breadth. 


First express 4 ac, 2 r, 9 p. as a decimal of an acre. 


4 ac. 2r. 9 p. =4:55625 acres, 40 | 9:0 poles 
that is, area = 45°5625 sq. chains. 4 | 2°225 roods 
And length = 12°15 chains ; 55625 acre 


. breadth = (45°5625 + 12°15) chains 
._ =3°75 chains 
=3 chains 75 links, 
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EXAMPLES XIV. a. 
Express in square feet the areas of rectangles having the following 
dimensions : 
1, 103 f., 93 ft 9 142 ft., OF ft. 3 T ft, Tem 
4. ..6°4 ft., 3g. fb. 5. G2 yds. Slft. 6, 135i, 103 ft. 
Express in square metres the areas of rectangles with the following 


dimensions : 
719 mi, 8°25 me, 10°25 m., 464m. 9, 2°54 Km., 0°04 m. 


Find the lengths of the rectangles in which 

10, Area=504 sq. yds., breadth =28 ft. [Ans. in yds.] 

11, Area=77 sq. cm., breadth =4'4 cm. [Ans. in em. ] 

12. Area = 367% sq. ft., breadth =8¢ yds. {Ans. in ft.] 

13, Area=18 sq. ft. 128 sq. in., breadth =3 ft. 4 in. 
_ Express in sq. yds., sq. ft., and sq. in., the areas of the following 
squares, having given 

14, Each side=7 ft. 6 in. 15. Each side=5 ft. 8 in. 

16. Perimeter=13 ft. 17. Perimeter=21 ft. 4 in. 

18. Find the cost of painting a rectangular screen 6 ft. 4 in, long 
by 4 ft. 8 in. wide at 9d. per sq. ft. 


19. Find the cost of polishing the floor of a ball-room, 26 ft. 8 in. 
long and 20 ft. 3 in. wide, at ls. 6d. per sq. yd. 


90. Find the cost of matting for a room 7-2 metres long and 
5-5 metres broad at 75 centimes per square metre. 


91. Find, to the nearest penny, the cost of painting a surface 
8-5 metres long by 4°6 metres wide at 9d. per square metre. 


99. It cost £1 to paint a door 7 ft. 6in. high and 5 ft. 4 in. wide 
What was the cost per sq. ft.? 

93. How much per sq. yd. was spent on the decoration of a ceiling 
91 ft. 4 in. long and 20 ft. 3 in. wide if the whole cost was £12? 


[The Tables in Arts. 34-36 should be revised before attemptin 
Examples 24-34. | 

Find the areas of the following rectangles, giving the result il 
acres : 


24, Length=20 chains, breadth =8 chains 25 links. 
95, Length=99 yards, breadth=4 chains 20 links. 
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26. The side of a square field measures 6 chains 75 links: find its 
area in acres, roods, and poles. 


27. The perimeter of a square field is 87 chains: find its area in 
acres, roods, and poles. . 


28. Find the breadth of a rectangular field which is 3600 links in 
length, and which has an area of 763 acres. 


29. The acreage of a rectangular field is 37°6607, and the breadth is 
16 chains 6 links: find its breadth. 


30. ‘The side of a square field is 25 chains: what rent must be paid 
for it at the rate of £2. 10s. per acre. 


31. Express (i) in hectares, (ii) approximately in acres, the area of 
a rectangular plot of ground of which the length and breadth are 
respectively 805 metres and 74 metres. 


32. ind the rent of a rectangular field measuring 200 metres by 
85 metres at £12. 10s. per hectare ; and find approximately the corre- 
sponding cost per acre. 


33. The rent of a plot of building land is 8250 fr., this being at the 
rate of 1250 fr. per hectare. If the length is 750 metres, find the 
breadth. 1 


a4, A rectangular piece of ground is 26 chains 16 links in length, 
and its breadth is five-sixths of its length. Find, to the nearest penny, 
what rent should be paid for it at the rate of £2. 12s. 4d. per acre. 


239. ExampLe 1. Find, to the nearest penny, the cost of paving 
a rectangular courtyard 944 ft. long and 56 ft. wide with tiles 14 inches 
by 8 inches, at £2. 5s. per thousand. 


Area of courtyard = (944 x 56) sq. ft., 
area of one tile=(+5 x 55) sq. ft. =7 sq. ft. 


Let «=the number of tiles required, then since the area to be 
covered is equal to the area of the material used, we have 


w= TSO x 56x 3 
= 6804 6804 
*, cost at £24 per thousand = £6°804 x OF 7 
=£15°309 1°701 
Bee oe G8, 20; per 


AR. H.S. R 


‘ | 
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Notre. In this case it will be found on trial that the length and 
breadth of the area to be covered are exact multiples of the dimensions 
of the tiles. Thus 6804 represents an exact number of tiles which 
can be fitted together to cover the given area without subdivision. In 
practice this will not always be the case, and in the examples which 
follow we shall, where necessary, suppose some of the tiles, ete. to 


be divided. 


EXAMPLE 2. A quadrangle, 50 feet long by 42 feet broad, contains 
a rectangular lawn surrounded by a gravel path of uniform width. 
If the width of the path is 6 feet, find the dimensions of the lawn, and 
the area of the path. 


Let ABCD represent the quadrangle, 
and EFGH the lawn. 

Then EF is less than AB by twice the 
width of the path ; and EH is less than 
AD by twice the width of the path. 


That is, EF =(50-6 x 2) ft. =38 ft. 
and EH =(42-6x2)1t = 36 ft: 
And the area of the path=area ABCD - area EFGH 
= (50 x 42) sq. ft. — (88 x 30) sq. ft. 
= 960 8q. 


EXAMPLES XIV. a. (Continued.) 


35. How many tiles each 9 in. long by 6 in. wide will be required to 
pave a court which is 24 ft. 6 in. long and 15 ft. 9 in. wide? 


36, Find the cost of flooring a square room whose side is 20 feet 
with bricks 8 in. long and 4 in. wide, the bricks being worth 9d. a 
score. 


ov. If 1638 tiles, 7 in. long and 5 in. wide, are used for a hall 16 ft. 
3 in. wide, what is its length? 


38. What was the width of flagstones 1 ft. 6 in. long, 288 of which 
were required exactly to cover a courtyard 30 ft. long and 18 ft. wide? 


39. In what way must tiles 4+ in. long by 3% in. wide be laid so as 
exactly to cover the floor of a hall 38 ft. 15 in. long by 20 ft. 2+ in. 
wide? If the total cost of the flooring amounts to £193. 3s. 4d. what 
is the cost of the tiles per dozen? 


Sukie care 


« 
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40. A rectangular plot 64 ft. 6 in. long and 30 ft. 9 in. wide is to be 
laid with sods of turf 15 in. long by 9 in. wide. If the turfs are 
placed in the most convenient manner, how many will be used in all, 
and how many of these will have to be divided ? 


41. Square turfs, whose sides are 16 inches, are laid on a rect- 


angular surface 40 ft. 8 in. long and 24 ft. wide. How many turfs 


will be required? How many can be laid whole, and how many cut 
im half? Illustrate by a diagram on squared paper. 


(Examples 42-49 should be ilustrated by diagrams.) 


42. Find in square yards the area of a path 6 feet wide surrounding 
a lawn whose length is 30 yds. and breadth 24 yds. 


43, A carpet laid down in the centre of a room leaves a margin 
2 ft. wide uncovered, the dimensions of the room being 25 ft. by 18 ft. 


Find the cost of staining the uncovered margin at 14d. per sq. ft. 


44,. How many tiles 6 in. square will be required to pave a foot- 
path 4 ft. wide carried round the outside of a grass-plot 25 yds. long 
by 13. yds. broad ? 


45, A square garden each side of which is 20 yds. is traversed 
centrally by two paths at right angles to one another, and is thus 
divided into 4 beds. If the paths are respectively 8 ft. and 6 ft. wide, 
find the area of each bed. 


46. In a courtyard 67 ft. 6 in. long and 42 ft. 9 in. wide there is 
a foot-way, 5 ft. 6 in, wide, running the whole length of the yard. 
What is the cost of paving the whole, the price per sq. yd. for the 
foot-way being 3s. 6d., and for the remainder 3s. ? 


' 47, <A carpet 28 ft. long and 22 ft. wide is laid in the centre of a 


room 30 ft. long by 26 ft. wide. If the carpet costs ls. 6d. per square 
yard, and the rest of the floor is stained at the rate of 2s, 3d. per 
dozen square yards, find the total cost. 


48, The floor of a hall 48 ft. long by 36 ft. broad is partly to be 
tited and the rest boarded, the tiled portion forming a uniform margin 
2 yards wide round the hall. The tiles measure 9 inches by 8 inches 
each, and the boards 6 feet by 6 inches: how many of each are 
required ? 


49, A rectangular court is 50 yds. long and 30 yds. wide. It has 
paths, 6 ft. in width, joining the middle points of opposite sides, and 
also a paved corridor of the same width running all round the outside 
of it. The remainder is covered with grass. If the cost of-the pave- 
ment for the paths and corridor is 1s. 8d. per square foot, and the 
cost of the grass 3s. per square yard, find the whole cost of laying 
out the court and corridor. 


260 ARITHMETIC. (CHAP. 


240. Carpeting of Floors. Carpet is usually sold in rolls 
of uniform width at so much per linear yard. To carpet a given 
floor it is necessary to cut from such a roll a sufficient number 
of strips (each having the same length as the floor), and then place 
them side by side to form an area of carpet equal to the area of 
the floor. It is evident, however, that unless the width of the ~ 
floor is an exact multiple of the width of the roll, the requisite 
amount of carpet will not be represented by an exact number 
of strips. In other words, part of one strip will be wasted. 


Exampte 1. Find the cost of carpet 30 in. wide at 4s. 2d. a yard 
for a& room whose length is 20 Jt. and width 14 ft. How many square 
Seet of carpet will be wasted ? 


Here width of room=14 ft., and width of the roll=21 ft. ; 
- number of strips, each 20 ft. long, = 35 =52. 
2 


Thus 6 strips will be required, two-fifths of the last strip being 


wasted. 
.. length of carpet used =20 ft. x 6=120 ft. 


=40 yds. 
.. the required cost=4s. 2d. x 40 
= £8. 6s. 8d. 


The waste=2 of a strip, 


*. number of sq. ft. wasted = = x 20 x 24 


= 20. 


Nott. If the breadth of the room is an exact multiple of the 
breadth of the carpet, we may proceed more directly as follows: 
Suppose the room is Z ft. long and 6 ft. broad, and that the carpet 
isa {t. broad. Then if x is the number of feet in the required length, 
we have at once 
axt=t pe 
as) 
. “=e. 
a 


EXAMPLE 2. To carpet a room 18 Jt. long by 11 ft. 3in. wide 
with carpet 27 in. wide cost £5. 17s. 6d. I f 12s. 6d. of this was paid for 
making and laying the carpet, what was the price per yard of the 
carpet ? 

Here width of room=i1+ ft., and width of carpet=2+ ft. 

*. number of strips=1]14+21=5, 
. length of carpet=18 ft. x 5=30 yds. 

Now cost of carpet (before making)=£5. 5s. ; 


. price of carpet per yd. =4,°5 shillings 


a a 
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241. Papering the Walls of a Room. Wall-paper is generally 
made in pieces, 12 yards in length, and of uniform width (usually 
21 inches), and is sold at so much per piece. To find the number 
of pieces required for a room of given dimensions we should 
divide the area of the walls by the area of each piece. But 
results so obtained are of little value, as in practice doors, windows, 
and fireplace have to be allowed for; moreover, there is always 
some waste in cutting the paper and “ matching the pattern.” 


242. Consider a room whose length, breadth, and height are 
respectively / feet, b feet, and A feet. Then if we suppose the 
walls to be hinged at the corners and capable of being opened 
out, we obtain one continuous rectangle as represented in the 
diagram below : 


length breadth length breadth 


Hence it appears that the four walls together have an area 
equal to that of a single rectangle whose width is / ft. (viz. the 
height of the room), and whose length is (2/+20) ft. (viz. the 
perimeter of the floor). 

Hence area of four walls = perimeter x height 

=2((+6)xh square ft. 

EXAMPLE 1. A room is 17 ft. 5 in. long, 14 ft. 7 in. wide and 11 ft. 
6 in. high. Swpposing that doors, windows, etc. occupy 76 sq. ft., and 
that the waste amounts to 2 ‘pieces,’ find the cost of the requisite amount 
of paper at 3s. 6d. per prece of 12 yds. 

Here 1+6=82 ft., and h=11}4 ft. 

. area of walls = (2 x 32 x 3) sq. ft. 
= 736 sq. ft. 
Area to be papered = (736 —'76) sq. ft. 
= 660 sq. ft. 
Area of each piece =(12 x 3x 24) sq. ft. =63 sq. ft. 
‘. number of pieces = (660 +63)+2, allowing for waste, 


But since the paper is sold by the piece, 13 pieces would have to be 
paid for, and the cost would be 3s. 6d. x 13, or £2. 5s. 6d. 
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ExaMPLE 2. Find the cost of painting the four sides and the bottom of 
a tank 2 yds. 1 ft. long, 4 ft. wide, and 4} ft. deep at 4d. per square foot. 


Area of four vertical sides =perimeter x depth ; 
that is, area of sides =(2x 11x 2) sq. ft. =99 sq. ft. 
Area of bottom = (7 x 4) sq. ft. =28 sq. ft. 
Total area to be painted = (99 +28) sq. ft. =127 sq. ft. 
. cost of painting = (127 x 1) shillings 
=42? shillings 


=e, Ys. 4d, 


EXAMPLES XIV. b. 


1. How many yards of carpet 2 ft. 6 in. wide will be required for 
a room 20 ft. long and 15 ft. wide ? 


2. What length of carpet 27 in. wide will be required to cover the 
floor of a room 17 ft. long and 11 ft. 3 in. wide? 

3, It takes exactly 29 yards 1 ft. of carpet ? yd. wide to cover a 
floor 14 ft. 8 in. long ; find the width of the floor. 


4, Find the cost of carpeting a room 25 ft. long and 18 ft. wide, 
with carpet 2 ft. 3 in. wide at 6s. per yard. 


0. How many strips of carpet 27 in. wide will be required for a room 
20 ft. 3 in. long and 16 ft. wide, and what will be the cost at 3s. 4d. per 
yard? What fraction of the last strip will be wasted ? 


6. ind the cost of carpet 30 in. wide necessary to cover the floor 
of a room 15 ft. long and 12 ft. wide, the carpet costing 3s. 4d. per 


yard. Shew that 75 sq. ft. will be wasted. 


7. What length of carpet 27in. wide will be required for a room 
18 ft. long and 12 ft. 9 in. wide, and what will be its cost at 5s. 6d. per 
yard? How many square feet of carpet will be wasted ? 


8. find the area of the walls of the rooms whose dimensions are 
(i) Length 16 ft. 8 in., width 15 ft. 4 in., height 12 ft. 9 in. 
(ii) Length 20 ft. 3 in., width 16 ft. 5 in., height 15 ft. 9 in. 


9, Find the cost of painting the walls of a room 12 ft. 9 in. long, 
11] ft. 3in. wide, and 10 ft. high at 1s. 6d. per square yard, without 
allowing for doors and windows. 
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10. Find the cost of colouring the walls and ceiling of a room whose 
height is 14 ft., length 15 ft., and breadth 12 ft., the walls costing 


9d. per square yard, and the ceiling 43d. per square yard. 


11. Find the external surface of the closed rectangular boxes, the 
outer dimensions of which are 


(i) Length 6 ft., breadth 4 ft., depth 3 ft. 6 in. 
(ii) Length 3 ft. 6 in., breadth 2 ft. 4in., depth 1 ft. 3 in. 


12. The external dimensions of a closed rectangular box are 9 ft., 
4 ft. 6 in., and 3 ft. Find the cost of painting it outside at 2d. per 
square yard. 


13. Supposing the paper saved from doors, windows, etc. makes up 
for the waste, how many pieces 12 yds. long and 27 in. wide will be 
required for a room 18 ft. 9 in. long, 11 ft. 3 in. wide, and 13 ft. 6 in. 
high ? . ; 


14. How many pieces of paper, 12 yds. long, and 21in. wide, will 
be required for a room 16 ft. 5in. long, 13 ft. 7 in. wide, and 11 ft. 
3in. high, allowing 55 sq.ft. for windows, etc., and 2 extra pieces 
for waste ? . 


15. A room is 18 ft. square, and 11 ft. high: doors, windows, etc. 
occupy 90 sq. ft., and 1 piece of paper is wasted. Find the cost of 
papering the walls with paper 27 in. wide, at 6s. per piece of 12 yds. 


16. A room 16 ft. 9in. long, 10 ft. 3in. wide and 11 ft. high has 
a door 7 ft. by 3 ft., two windows each 4 ft. by 5 ft., and a fireplace 


4 ft. by 3 ft. Find the cost of painting the walls at 9d. per square 
yard. 


17. The cost of paper for a room 15 ft. 7 in. long by 14 ft. 5 in. 
wide is £1. 15s. If the paper is 30 in. wide and costs 5s. per piece 
of 12 yds. find the height of the room, assuming that the waste is 
balanced by the amount of paper saved by windows, etc. 


18. Find the number of square feet of lead required to line an 
open cistern whose inside dimensions are as follows: length 5 ft. 3 in., 
width 3 ft., depth 1 ft. 10 in. 


19, Find the cost of painting the outside of a box (with lid) whose 
length is 3 ft. 9 in., width 3 ft. 4 in., and depth 3 ft., at the rate of 
4d. per square yard. 


20. What will be the cost, to the nearest franc, of paper for the 
two walls of a passage which is 21°85 metres long, 10°4 metres high, 
at 4 fr. 35 c. per piece of 8 metres in length and 0°45 metre in width? 


21. If it costs £21. 6s. 5d., at 8d. per square foot, to paint the 
walls of a room 19 ft. 6in. long, 14 ft. 9in. wide, and 11 ft. 3 in. 
high, how many square feet are occupied by windows, ete. ? 
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EXAMPLES XIV. c. 
(Miscellaneous.) 


[In Maxamples 1-7 the following approximate equivalents may be used : 


1 metre =392 in.; 1 square metre=1550 square inches ; 
1 kilometre=2 mile ; 1 hectare = 2% acres. ] 


1, A rectangular floor is 8:25 m. in length and 6 m. in width: find 
(i) its approximate area in square feet ; 
(ii) the cost of staining it at lsd. per square metre ; 


(iii) how much would be saved by staining it at 1d. per square 
yard. 


2, The area of a rectangular courtyard is 235°84 sq. m. and its 
length is 16 m. 75 cm.; find its breadth (i) in metres, (ii) approximately 
in feet and inches. 


3. What is the width of a road (to the nearest tenth of a yard), if 
its area is 92 ares per kilometre of length? 


4, A belt of wood is 3°8 Km. in length, and has an average width 
of 42°35 metres; find the cost to a shooting tenant who rents it at 
£2. 10s. per acre. [Answer to the nearest penny. ] 


5. The length, breadth, and height of a room are 5°65 m., 4°35 m., 
and 4°5 m. respectively. Allowing 18 square metres for doors, windows, 
and fireplace, find the cost of painting the walls at 43d. per square 
yard. 


6. On a map drawn to the scale of an inch to a mile a certain 
estate covers an area of 2°44 square inches. Find the real area of the 
estate in acres. 


7. The map of a district is drawn on a scale of 1:6 cm. to a mile: 
what area on the map will represent a lake 2000 hectares in extent ? 


8. It is proposed to cover with equal square tiles a floor 17 ft. 6 in. 
long by 15 ft. 9 in. broad; find in how many ways this can be done 
when the side of the tile contains an integral number of inches, and 
find the number required in each case. 


9, It costs £1. 2s. 6d. to paint the ceiling of a passage which is 


20 ft. 3 in. long and 15 ft. wide. If the passage is 104 ft. high, what 
would be the additional cost of painting the walls at the same rate ? 
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10. A passage 40 ft. long, 8 ft. wide, and 10 ft. high. has two 
doors 7 ft. by 4 ft., and a window 5 ft. 6 in. by 2 ft. Find the cost 


of colouring the walls and ceiling at 43d. per square yard. 


11. Assuming the area of a triangle to be given by the formula 
area = + (base) x height, 


find the area of a triangle in which the base is 25 chains and the 
height is 3 chains 21 links. 


‘12. The area of a triangle standing on a base of 15 m. 45.cm. is 
90°61 sq. metres, find the height. 


13. Assuming the area of a trapezium (7.e. a quadrilateral with a 
_ pair of parallel sides) to be given by the formula 


.: area = + (swum of parallel sides) x (distance between them), 


a find, to the nearest square metre, the area of a trapezium when the 


parallel sides are 34°72 m. and 27:08 m., and the distance between 
them is 20°5 m. 


14. A quadrilateral field has two parallel sides measuring 13 chains 
46 links and 11 chains 54 links, the perpendicular distance between 


them being 6 chains 20 links. If the rent is £38. 15s., what is the rent 
per acre ? 


15. The area of a circle of diameter d is given approximately 
by the formula 


A=d? x 0°7854. 
Use this formula to find , 


(i) the area of a circle whose diameter is 3°6 metres, (to the 
nearest hundredth of a square metre) ; 

(ii) the cost of gravel, at 4d. per square yard, for a circular 
court whose diameter is 43 feet. 


16. Find, to the nearest tenth of a square foot, the area of a 


circular ring whose external and internal radii are 27 feet and 23 feet 
respectively. 


17, A circular lawn 190 feet in diameter is surrounded by a path 
10 feet wide ; find the area of the path to the nearest square yard. 


ie 18, A rectangular’ hall 24 ft. 9 in. long and 13 ft. 6 in. wide has a 
_ semi-circular verandah at one end. Find, to the nearest penny, the 

cost of laying wooden blocks at 3s. 4d. a square yard for the hall, and 
_ Stone at 4s. a square yard for the verandah. 
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19, A rectangular tennis-ground is 110 yds. long and 55 yds. wide. 


Find the expense of sowing it with grass-seed at the rate of 35 bushels 
per acre, the price of the seed being £1. 1s. 4d. per bushel. 


920. A square field contains 25 acres; what is the cost of making 
a path 3 yds. wide inside the field round the boundary at 1s. 6d. per 
square yard ? 

91. The number of acres in the county of Suffolk is 931,000. What 
is the area which represents this county on a map of England which is 
drawn to the scale of 1 inch to 10 miles? Give your answer to the 
nearest square inch, and draw a rectangle of this area. (C.S.) 


99. Find the number of square feet in 
the shaded and unshaded areas represented 
in the adjoining diagram, on the supposition 
that it is drawn on a scale of 1 cm. to 5 ft. 
Make any necessary measurements. 


93, The sides of a rectangular field are as 2:1, and its area is an 
acre ; find the length of its diagonal. 


94, Arectangular garden, whose length is twice its breadth, contains 
2944°5 sq. metres. How much would it cost to surround it with a fence 
at 13 fr. 25 c. per metre? 


95, The area of a gravel path 8 ft. wide, surrounding a square park 
is 4acres. Find the area of the park, including the path, to the nearest 
tenth of an acre. 


96. The difference between the areas of two square fields is 5 acres. 
If the length of a side of the smaller is 71 yds. find the length of a side 
of the larger. 


27, The length and breadth of a room are measured by means of 


a walking stick, and are estimated at 15 ft. and 125 ft. In making the 
calculation it is assumed that the stick is 3 ft. long. The actual length 
is 2ft.9in. Find the errors in the measurements of the room arising 
from this mistake, and the error in the area to the nearest square foot. 
C.S8. 
98, A street improvement scheme involves purchasing the niga od 
one side of the street, and the land on which they stand along a frontage 
of 352 ft. and to an average depth of 53 ft. The houses cost £87700, 
and the land costs £3. 7s. per sq. ft. The roadway is then widened 
9 ft., and remaking this extra piece costs 8s. per sq. yd. The remaining 
land is sold again at £5. 13s. per sq. ft. Find the net cost of the 
improvement. (C.S.) 
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Cubic Measure. 


243, The Tables of Cubic Measure and some easy applications 
of them have been given in Chap. 1. [See Arts. 37-40.] It is 
there shewn that the volume of a rectangular block, or cuboid, is 
given by the formula 


Volume=length x breadth x height, 


where by length, breadth, and height we mean the number of linear 
units in each, and by volume the number of corresponding units 
of cubic measure. 


Norn. This rule was proved in the case where the length, breadth, 
and height were expressed by whole numbers. By reasoning similar to 
that of Art. 237, it may be shewn to hold good also when the dimen- 
sions are fractional. 


244. Let V be the number of cubic units in the volume of 
a cuboid, and let the number of units in length, breadth, and 
height be denoted by 7, 6, and A respectively. Also let A re- 
present the number of square units in the base, then A=/ x b. 

The formula of the last article gives 


V=lxbxh 


=Axh, 
Thus we have 


volume of cuboid =(area of base) x hevght. 


Not. The formula volume =(area of base) x height has been proved 
on the supposition that the base is rectangular ; but it holds equally 
(see School Geometry, p. 393) for a solid figure constructed in like 
manner on a base of any shape whatever. The truth of this will be 


__ assumed in some of the examples which follow. 


245. From the formula V=lxbxh we derive 
elie 
lx b’ 


so that any one of the four quantities in the formula can be found — 
when the other three are known. 


; V ff V ma 
(1) Saag rey eS (ii) het nae (iii) h= 


Nots. In using these formule care must be taken that the units of 


length and volume correspond. Thus in the formula sre if V is in 


cubic metres, 7 and h must each be in linear metres, and the result b 
will be in linear metres. 
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Exameie 1. A rectangular tank measures internally 8 ft. in length, 
6 ft. in breadth, and 2 ft. 4 in. im depth. How many cubic feet of water 
will it contain? And how many gallons, supposing 1 cubic ft. is equivalent 


to 64 gallons ? 
The volume of the tank =length x breadth x depth 
=(8 x 6 x 2%) cubic ft. 
== 112 cubie tt 
. the capacity of the tank =6} gallons x 112 
=700 gallons. 


EXAMPLE 2. Find the height of a rectangular solid whose volume 1s 
T cu. ft. 864 cu. in., length 4 ft., and breadth 1 ft. 3m. 


Here volume=7 cu. ft. 864 cu. in. =7% cu. ft. 


.. from the formula h=——, 
lxb 


73 
the required height= aie ft. 


= bft/61n: 


Exameie 3. During a rainfall of 25 mm., how many litres of water 
fall per hectare? And, approximately, how many gallons per acre ? 


[Assume 1 Ha. =21 acres, 1 litre=132 pints, approximately. | 


Volume of water=area x height. [See Art. 244, Nore. ] 
1 Ha. = 10000 square metres 
= 10000 x 10? square decimetres, 


25 mm, = es decimetres. 


. vol. of water = ( 10000 x 10? x ia) cubic decimetres 


= 250,000 cu. dm. 
= 250,000 litres. 


Again 1 Ha, =2} acres, approximately. 
Hence volume of water per acre = (250,000 +24) litres 


ee Gare x ie x ) gallons 


= 21,875 gallons. 


* 
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EXAMPLES XIV. d. 


1. Find in cubic feet the volume of the cuboids whose dimensions 
are as follows : ; 


(i) Length 4 ft., width 25 ft., height 12 ft. 
Gijtomy, 30 ft, Meaney 8555) foaK 21 "in, 
(res 45 yds. 7... Satay 6-in. 
Peo tt Jin...) bitin ie yd. 


2. Find the surface and volume of a cube whose edges measure 
4°5 ft. 


3. How many cubic yards. of masonry are there in a wall 
26 yds. 2 ft. long, 20 ft. 3 in. high, and 18 in. thick ? 


4, Find the cubical content of a beam 13 ft. 6 in. long, if the area 
of its cross-section is 2 square feet. 


5. How many cubic metres are there in the cuboids which have 
(i) Length 3°75 m., breadth 2 m., height 40 cm.? 
(11) Area of base 450 sq. m., thickness 160 cm. ? 


6. Find the depth of a tank which can contain 2°6 cu. m. of water, 
the area of the base being 6500 sq. em. 


7, A tank contains 21,000 litres of water; if the length and breadth 
are 5°6 metres and 2°5 metres respectively, find the depth. 


8, Find the weight of an iron bar 48 in. long, 4°5 in. broad, and 
2°5 in. thick, given that 1 cu. ft. of iron weighs 480 lbs. 


9. How many gallons can be contained in a cubical vessel, each 


edge of which measures 4 ft., supposing 1 cu. ft. to contain 64 gallons ? 


10, A room contains 2156 cu. ft. of air, and its height is 12 ft. 10 in.; 
find the area of the floor. 


11. It costs £1. 8s. to cut a trench 16 ft..long and 7 ft. wide at 
13d. per cubic foot : find the depth. 


12. What must be the depth of a tank whose base is a square on 
a side of 1 yd., if it holds as much water as a second tank whose 
dimensions are 4 ft. 6.in., by 2 ft. 3 in., by 1 ft. 4 in.? 


13, One ton of lead is rolled into a sheet of uniform thickness 0°42 in. 
Find approximately in square yards the area of the sheet, having given 


that 1 cu. ft. of lead weighs 710 Ibs. 
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14. The annual rainfall in a certain place is 28 in. Express this in 
tons per acre, to the nearest ton. [1 cu. ft. of water weighs 1000 oz. J 


15. A pond whose area is half an acre is frozen over with ice 2 in. 
thick : find, to the nearest ton, the total weight of ice, if 1 cu. ft. of it 


weighs 57q lbs. 


16. Express in gallons per acre an annual rainfall of 30 in., assuming 
that 1 cu. ft. contains 67 gallons. 


17. How many hundredweight of sheet-lead, t in. thick, will be 
used to cover a surface of 224 sq. yds.? [See Ex. 13.] 


18. If a square foot of metal ’ in. thick weighs 30 lbs., what is 
the weight in pounds of a plate 6 ft. 6 in. long, 3 ft. 6 in. wide, and 
3} in. thick made from the same metal ? 


19. A brick (with mortar) occupies a space 9 in. long, 43 in. broad, 
and 3 in. high; how many bricks will be required for a wall 30 yds. 


long, 6 ft. high, and 134 in. thick? 


90. Find the area of the bottom of a box 5 ft. high if the contents 
(when the box is full) weigh 972 lbs., at the rate of 9 oz. for every 
60 cu. in. 


21. A block of metal whose dimensions are 2 ft. 9 in., by 1 ft. 8 in., 
by 1 ft. 4 in. weighs 11 ewt.; what would be the length of a bar of the 
same metal if the area of its cross-section is 120 sq. in. and its weight 
is 18 cwt.? : 


99. In the first fortnight of Dec. 1907 there was a rainfall of 
3 inches in the Thames Valley above Teddington. Assuming this area 
to be 3800 square miles, shew that the rainfall was approximately 
equivalent to the addition to the normal water of the Thames of three 
rivers each 670 miles long, 250 feet wide, and 10 feet deep. 


246. Suppose a closed box, which measures externally a inches 
long, 6 inches wide, and ¢ inches high, is made of wood / inches 
thick. 

(i) Then the internal dimensions are as follows : 

length=a—2k; breadth=b—2h; height=c—2kh. 

(ii) The number of cubic inches in the capacity of the box 

=(a—2h)(b— 2k)(¢ — 2k). 


(iii) The number of cubic inches of material used in the con- 
struction of the box =abe —(a—2k)(b —2h)(e — 2k). 
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247. The specific gravity of a-substance is the ratio of the 
weights of equal volumes of the given substance and water. 


Thus if the specific gravity of lead is 11:4, it follows that the weight 
_ of 1 cubic decimetre of lead is 11-4 kilograms. 


EXAMPLE 1. Find the weight of a steel bar 1:28 m. long, 15 cm. wide, 
and 5 em. thick, the specific gravity of steel being 7°7. 
The volume in cubic decimetres=12°8 x 1:5 x 0°5 
== 'Gs 
. the required weight =(9°6 x 7:7) Kg. 
=73°92 Kg. 
ExampLe 2. A closed wooden chest measures externally 3 ft. 4 in. 
long, 2 ft. 4 in. broad, 1 ft. 5 in. high ; if the thickness of the wood is 


half an inch ; find (i) the capacity of the chest, (ii) its weight, supposing 
the specific gravity of the wood to be 0972. 


The internal measurements are respectively 3 ft. 3 in., 2 ft. 3 in., and 
1 ft. 4 in. 


. 


. the capacity of the chest=(31 x 27 x14) cu. ft. [Art. 246 (ii)] 


= 9} cu. ft. 
The number of cubic fect of wood= (33 x22 x 1,5)- 97 [Art. 246 (iii)] 
; | =lls7-9F 
=lips- 


__. Again since 1 cu. ft. of water weighs 1000 oz., the weight of 1 cu. ft. 
_ of the wood weighs 972 oz. 


Thus the weight of the box (1429; x 972) oz. =77 Ibs.'1 oz. 


Exampie 3. Through a wooden pipe, whose cross-section is a square 
ona side of 8 cm., water flows uniformly at the rate of 40 metres a minute. 
How long will it take to discharge a million litres ? 


The volume of water flowing through the pipe per minute is that of 
a cuboid whose dimensions are 400, 0°8, 0°8 decimetres respectively. 


Hence number of litres per min. =400 x 0:8 x 0:8. 
= 256. 
*, time required for a million litres = 1900000 minutes 


=65 hrs. 6} min. 
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EXAMPLES XIV. e. 
[The following approximate equivalents may be used - 
1 hectare, or (100)? square metres=24 acres. 1 kilogram=2+ pounds. 
1 cubic foot of water weighs 1000 ounces or 625 pounds. 


1 cubic foot of water contains 6+ gallons. | 2 


1. Find the weight per square metre of sheet zinc 3 mm. thick, the 
specific gravity of zinc being 7°14. 

2. The specific gravity of ebony is 1'2; find the weight of (i) a cube, 
each edge of which is 2°5 cm., (ii) a ruler, 36 cm. in length, the cross- 
section being a square on a side of 8 mm. 


3 Find the weight in tons of a block of granite (Sp. gr. =2°56) 
measuring 4 ft., by 34 ft., by 25 ft. 


4. What is the weight in pounds of an oak beam, 1? ft. long, 
18 in. wide, and 16 in. thick, the specific gravity of oak being 0°85? 


5. A level seam of coal has an average thickness of 2 ft. 4 in. If 


the specific gravity of coal is 1:28, find how many tons the seam will 
yield per acre. 


6. Find in kilograms, and also approximately in pounds the weight 
of a beam of fir, 4°45 m. long, 24 cm. broad, and 20 cm. thick ; given 
that the specific gravity of fir is 0°55. 


7, If 540 Kg. of mercury are poured into a rectangular trough, 
21 m. long by 16 cm. wide, to what depth will the trough be filled? 
The specific gravity of mercury =13°5. Y 


8 Water flows through a stone culvert, 3°5 m. wide and 60 cm. 
deep, at the rate of 2°5 Km. per hour: how many litres will pass under 
a bridge in 25 minutes? 

9, A tank whose length and breadth are respectively 1°75 m. 


and 80cm. receives water from a pipe which discharges 3500 litres 
per hour. What depth of water will be added in 12 minutes? 


10. Find approximately in pounds the weight of a copper bar 
1°68 m. in length, 12°5 cm. in width, and 5 cm. in thickness ; given 
that copper weighs 8°8 times as much as its bulk of water. 


11. Find, in cubic inches, the capacity of a closed box made of 
wood + in. thick, the external dimensions being 9 in., by 7 in., by 6 in. 


12. How many cubic inches of material are required to make a 


closed box, the sides, Tid, and bottom being + in. thick, and the 
external dimensions 13 in., by 11] in., by 9 in.? 


eer 


\ 
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13. . The sides of an open box are 4 in. thick, and the bottom is 1] in. 
thick; if the external length, breadth, and depth are respectively 
14 in., 10 in., and 8 in., find the capacity of the box and the quantity 
of material used in its construction. 


14, A trench, 50 yds. long and 15 ft. wide, has a uniform depth 
of 6 ft. How long would it take to fill the trench with water by 
means of a pipe which discharges 125 gallons per minute ? 


15. Water passes from a reservoir into a canal by a culvert 4 ft. 


wide and 1+ ft. deep. If the water flows at the rate of 4 miles 
an hour, find how many gallons pass into the canal in ten minutes. 


16. One million litres of water flow on to a skating rink one acre in 
extent. Find in centimetres the depth to which the rink is flooded. 


17. What fraction of a ton of water is required to fill a cistern 
3 ft. 8 in, long, 2 ft. 8 in. wide, and 2 ft. deep? Assuming the above 
cistern to have no lid and to be made of wood 2 in, thick, find the cost 
of completely covering the wood with paint at 9d. per square foot. 


18. What is the capacity of a box which on the outside measures 
2 ft. 95 in. long, 2 ft. 67 in. broad, and 2 ft. 1f in. high, the sides and 


top being fin. thick and the bottom 1 in. thick? Find also the 
number of pounds of water, to the nearest integer, which can be 
contained in 19 such boxes. 


19, A rectangular block of metal, whose dimensions are 1 {t. 6 in., 
by 1 ft., by 10 in., is thrown into a cistern partly full of water. If the 
cistern stands on a base 2 ft. 6 in. by 1 ft. 4in., and the block is 


completely immersed, how high will the immersion of the metal cause 
the water to rise ? 


20. A cistern, measuring internally 5 ft., by 4 ft., by 3 ft. 8 in., 
has 30 cubic feet of water in it. Porous bricks are placed in the 


_ water until the cistern is brim-full, each brick absorbing. one-seven- 


_ teenth of its own volume of water. How many bricks can be put 


in without the water overflowing, each brick being 9 in., by 3 in., 


by 23 in.? 


21. An iron plate whose length is 280 em., breadth 195 cm., and 
thickness 20 mm. weighs 851°76 Kg.; find the specific gravity of the 
iron. . 


22, The adjoining figure represents, on a 
scale of 1 cm. to 10 yds., a courtyard which is 
to be paved with blocks of wood 6 in. long, 
3 in. broad, and 4 in. deep. How many blocks 
are used, and how many cartloads of 2°5 tons 
will they make, if the specific gravity of the FS 
wood is 0'8? Also find the cost, to the nearest 
penny, at 9s. 4d. per ton. 
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23. The area of the Trent basin is 4082 square miles, and the 
annual rainfall 31 inches. The river discharges 220,000 cubic feet per 
minute. What percentage (to the nearest integer) of the rain that 
falls is discharged by the river ? (C.8.) 


24. A town has a population of 400,000 and a water supply of 30 
gallons per head per day is required. A reservoir is provided to hold 
six months’ supply [say, July to December inclusive], with a mean 
depth of 20 feet. What must the area of the reservoir be? Find the 
area of the catchment basin, if 20 inches of rainfall in the year will 
yield sufficient water to supply the town. (C.S.) 


Give answers to nearest acre and nearest square mile respectively. 


95. Lake Tsana has a surface area of 30,000,000 ares, and dis- 
charges annually a quantity of water that would raise its level by 14 
metres. It is proposed to erect a barrage at the outlet to control the 
discharge, with sluice-gates that allow the passage of 170 cubic metres 
of water per second. If this is done, and the annual discharge is 
to remain what it now is, during how many days per year (to the 
nearest integer) may the sluice-gates be open ? (C.8.) 


26. <A river holds 23 grains of solid matter in suspension to every 
gallon. At a certain point the average velocity of the river is 4 miles 
an hour, and the area of the cross-section of the river is 1400 sq. ft. 
Find, to the nearest hundred, how many tons of solid matter in sus- 
pension are carried past this point in a year. (C.8.) 


27. The diameter of some copper wire is 2mm., and a cubic 
decimetre of copper weighs 9°0 Kg. Find, ‘to the nearest metre, the 
length of wire in a quantity which weighs 7°5 Kg. 

[The volume of a length of / metres, of diameter d metres, is 
0:7854 x d? x 1 cubic metres. | 
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248. ONE quantity is often related to another in such a way 
that if a change is made in the value of one there is a cor'- 


responding change in the value of the other. For example, 


suppose we know the cost of a certain weight of tea; if we 
double the weight we double the cost, if we treble the weight 


_ we treble the cost, and so on. In other words, in this case the 


cost is always directly proportional to the weight. Similarly, 


when a train is travelling at a uniform speed, the distance 


travelled is directly proportional to the time. 


249." Any expression involving a will have different values if 
different values are substituted for 2. Suppose we wish to find 
the values of the expression 27+5 when # has the series of 
values 3, 2, 1, 0, —1, —2, —3, the following arrangement will 
be found convenient. 

Let y stand for the expression ; that is, suppose y=2v+5, and 
arrange the values as in the following table : 

ag ERIE CREB Sf -- Vr 
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x 
2x 6 


| th | 
ce 2a 
y=2e+5 | 11 | 9 | 
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Thus corresponding to the values 3, 2, 1, 0, —1, —2, —3 for x 
we have the values 11, 9, 7, 5, 3, 1, —1, for y, or 2x+5. Here 


_ there is no direct proportion between the values of x and y, but 


each value of y is dependent on the corresponding value of x. 


250. A quantity which may have a series of different values is 
called’ a variable. In the above table x is a variable, and v 
(whose value depends on that of “) is also a variable.- The 
relation between two variables thus connected may often be 
conveniently shewn by means of diagrams which give the values 
of the variables at a glance. 
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251. Axes of Reference. Coordinates. On a piece 0} 
squared paper select a pair of the thicker horizontal and vertica 
lines. Let these be marked XOX’, YOY’ as in Fig. 1 below 
Then the position of any point P with reference to these lines 
can be found when we know its distances from each of them 
Such lines are known as axes of reference, XOX’ being knowr 
as the axis of x, and YOY’ as the axis of y. Their point of 
intersection O is called the origin. 
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Consider the point P in the figure. It will be seen that we 
can get to P by marking 6 divisions of the paper along OX, 
that is to the point M, and then taking 4 divisions vertically 
up from M. Thus if the perpendicular distances of a point 
from the axes are known the position of the point is fixed. 
The distances 6 and 4 are known as the coordinates of the 
point P. OM is known as the abscissa of P, and PM is known 
as the ordinate of P. 


When symbols are used the abscissa is generally denoted by wz, 
and the ordinate by y. A point whose coordinates are v and y 
is spoken of as “the point (x, y),” the abscissa of the point 
always being named first. This process of marking the position 
of a point by means of its coordinates is known as plotting 
the point. 


In practice the most convenient paper is that ruled to tenths 
of an inch, and one or more of the divisions may be taken 
as the unit of length. 


252. The axes of reference divide the plane of the paper 
into four spaces XOY, YOX’, X’OY’, Y’'OX, known respectively 
as the first, second, third, and fourth quadrants. 
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It is clear that in each quadrant there is a point whose 
distances from the axes are equal to those of P in the above 
figure, namely, 6 units and 4 units. 


The coordinates of these points are distinguished by the use 
of the positive and negative signs, according to the following 
system: distances measured along the z-axis to the right of 
the origin are positive, those measured to the left of the origin 
are negative. Distances measured vertically above the w-axis 
(that is, in the first and second quadrants) are positive; those 
which lie below the x-axis (that is, in the third and fourth 
quadrants) are negative. 


Thus the coordinates of the points Q, R, S, in Fig. 1 are 
(—6, 4), (—6, —4) and (6, —4) respectively. 


The pupil may be reminded that this is a natural extension of 
the explanation of opposite signs given on page 53. (See Art. 49.) 


EXAMPLE 1. Plot the points 


(i) (6, 8); (ii) (—2, 2); (iii) (6, 0); (iv) (0, 0); 
and find the distance between the first two. 


(i) We first take 6 units to the 
right along OX, and then 8 
units at right angles to OX 
and above it. The resulting 
point P is in the first quad- 
rant. 


(ii) Here we may briefly describe 
the process as follows: Take 
2 steps to the /eft then 2 up; 
the resulting point Q is in 
the second quadrant. 


(iii) Take 6 steps to the right, then no steps either up or down 
from OX. Thus the resulting point M is on the axis of a. 


(iv) The point (0, 0) obviously represents the origin O. 


To find the distance between Q and P, draw an arc of a circle 
with centre Q and radius QP. Let this arc cut the horizontal line 
through Q at R. Then QP=QR. . : 


But QR=10 divisions, each of which is one-tenth of an inch. Thus 
QP=1 inch. 
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EXAMPLE 2. A ship sails from harbour; first she sails 4 miles due 
West to a fort, thence 6 miles due South, then 6 miles due East, and 
then 11 miles due North. Find to the nearest mile her final distance 
from the fort. Ke 


Here we may conveniently take the 
origin to denote the position of the 
harbour, and mark the axes WOE, 
NOS in order to shew the points of 
the compass. Let each division of 
the paper represent one mile; then 
4 steps to the left brings us to P 
which represents the fort. From this 
point the ship’s course is shewn by the 
dotted lines, and the final position 
is T. A circle described with centre 
P and radius PT cuts OE at V.. Then 
PT=PV, which is very nearly 8 divi- 
sions from P. Thus the reqd. distance 
is 8 miles. 


EXAMPLES XV. a. 


Plot the following pairs of points and draw the line which joins 
them : 


1. (4, 5), (2, 8). 2. (-4, 5), (-2, 8) 
a. (3; 0), (0,° 6). 4, (-2, 0), (0, —8) 
5. v(3, —8), (—2, 6). 6. (5, 5), (-2, -2) 
7. (~2, 6), (1, -8). 8. (0, 0), (-3, 5). 


9. Plot the points (3, 3), (—38, 3), (—3, -—3), (3, —3) and find the 
number of squares contained in the rectangle given by these points. 


10. Plot the points (5, 6), (—5, 6), (5, —6), (-5, —6). If each 
division of the paper is supposed to represent 1 foot, how many square 
feet are there in the rectangle determined by these points? 


11. Plot the following pairs of points, and in each case find the 
distance between them. 


(i) (4, 0), (0, 3); (ii) (9, 8), (5, 5); 


(iii) (15, 0), (0, 8); (iv) (10, 4), (-5, 12); 
(v) (20, 12), (-15, 0); (vi) (20, 9), (-15, —8). 


12. Ifa man first walks 8 miles West, and then 6 miles North, how 
far will he be from his starting point ? 


13, How far will a man be from his starting point after walking 
East for 12 miles and then South for 5 miles? 
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14, <A ship sails from Heebour, first 5 miles W., then 8 miles N., 
then 14 miles E., and lastly 13 miles 8. How far is she now from 
the harbour, to the nearést mile ? 


15. Plot the following points and shew experimentally that each 
set: les in a straight line : 


(i) (9, 751 RO), (=9, 77); Gi) (~9; 7), (0, 0), (9, —7). 
16. Plot the eight points (0, 5), (3, 4), (5, 0), (4, -3), (—5, 0), 


(0; —5), (—4, 3), (—4, —3) and shew that they are all at the same 
distance from the origin. 


*253. We now return to the expression 2v7+5 discussed in 
Art. 249. Using the same values of w as before, and putting yw 
to represent the value of the expression, we have the following 
table of values : 


If we now plot the points given by each pair of values we mark 
L, M, N, P, Q, R, S in the adjoining figure. 


Wary. /| 

It will be seen that they all | - Ae ke 
lie on a straight line. This line EAA 
may be produced in either L ata + 
direction, and is called the Pada Pabas tah | 
graph of the expression 27+5. er bea y 
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Since y is always equal to oy 

24+5, the variations of this +++ 


expression are seen at a glance CA | | | API 
by noting the values of the : / 
ordinates of the different points. 
The advantage of this graphi- —_|_ 7 Sa 


cal method of illustration is X{_rs le uboLx 
that we can read off from the CSE EE ECE rT 


graph the value of y (that is, tof 
of the expression 27+5)forany —| /- 1-H 
value of 7. B fea 
Te ty 
Thus, from the graph, Fig. 4 


when v=4, ¥ (or 2a-+ 5)=13, at the point A; 
and when w= —5, y=—5, at the point B. 


Notr. Any line drawn through a series of plotted points is called a 
graph. It is not necessarily a straight line. 
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EXAMPLES XV. b, 


1. Plot the following series of points : 
(1) (5, 0), (5, 4 (5, 5), (5, ds (5, = 4) ¢ 
(11) (-4, 8), (= be 8), (0, 8), (3, 8), (6, 8). 


Shew that they lie on two lines respectively parallel to the axis 
of y,,and the axis of x Read off the coordinates of the point in 
which they intersect. 


2. Plot the values given in the following table : 


x | 2 | -3 | 4 -5 | s | 


ty } 2 | -3 4 | -5 | 8 


shewing that they all lie on a certain line through the origin. 


3. If y=2xr+10, find the values of y when x has the values ‘Ue 2 
3, —2, -5. Draw the graph, and find the coordinates of the points 
where it cuts the axes. 


4, Choosing your own series of values for x, find and tabulate 
corresponding values for y in the following cases : 


(1) y=x;3 (ii) y=u+5; (iii) y=u—-5. 
Draw the three graphs using the same pair of axes. 
5. Using one pair of axes draw the graphs of 
(1) y=du; (ii) y=5u-4; (iii) y=5at6. 


In this and the preceding example what do you infer about the 
relative positions of the three lines? 


6. Plot the graphs of 
(i) y=2x; (ii) y=dax; (iii) y=3x; (iv) y= -3z. 


What do you infer as to the general character of the graph of y=az, 
where @ is any numerical quantity? 


7. Plot the points given in the following table : 


2 | 0 | 3 | 6 | 4 | -5 | 0 | -4 | -4 | 


y | 5 4 | 0| -3 | 0 | -5 ie: | -3 | 


| 
} 


Join these points by a freehand curved line. What is the nature of 
the curve? [Compare Ex. 16, p. 279.] 
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254. Measurement on Different Scales. In the foregoing 
examples we have measured abscissae and ordinates on the same 
scale for the sake of simplicity, but there is no necessity for so 
doing, and it will often be convenient to measure the variables on 
different scales so as to get a better diagram. 

For example, in drawing the graph of y=6x+3, 

when x has the values 0, 1, 2, 3, 94, 
the corresponding values of y-are 3,9, Ton 2ig27, 

Thus some of the ordinates are much larger than the corresponding 
abscissae and rapidly increase as x increases, 

If these points are plotted with x and y measured on the same scale 


‘it will be found that with a small unit (such as one-tenth of an inch) 


the graph is inconveniently placed with regard to the axes. If a larger 
unit is used the graph requires a diagram of inconvenient size. 
[The pupil should prove this for himself by trial. ] 


The inconvenience may be avoided by measuring the values of y ona 
considerably smaller scale than those of x. For example, let us take 
one inch as unit for x, and one-tenth of an inch as unit for y, then the 
graph of y=6x +3 will be found to be as in Fig. 5. 
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Not. Speaking generally, whenever one variable increases much 
more rapidly than the other, a small unit should be chosen for the 
rapidly increasing variable and a large one for the other. 


255. When a graph has been accurately drawn from plotted 
points, it can be used to read off (without calculation) correspond- 
ing values of the variables at intermediate points. 
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Exameie. From the graph of the expression 6x+3 find its value 
when x=2°3. Also find the value of x which will make the expression 
equal to 13. 


Put y=6a+3, then the graph is that given in Fig. 5. Now we see 
that «=2°3 at the point P, and here y=17, nearly. 


Again y=13 at the point Q; and x=1°66 very nearly. In reading 
off this last result we observe that OR is greater than 1°6 and less than 
1°7, and we mentally divide the tenth in which R falls into ten equal 
parts (de. into hundredths of the unit) and judge as nearly as possible 
how many of these hundredths are to be added to 1°6. 


EXAMPLES XV. c. 


[In some of the following examples the units are specified ; in others 
the pupil is left to select suitable units for himself. When two or more 
graphs are involved in the same piece of work they must all be drawn on 
the same scale. In every case the units employed should be marked on 
the axes. | 


1. Choosing the values x=0, 1, 2, 3, 4, draw the graphs of 
y=2x—8, and y= —-2x+8. Find the coordinates of the point where 
they intersect. 


[Unit for x, one inch; for y, one-tenth of an inch. ] 


2, With the same units as in Ex. 1 draw the graphs of y=9— 42, 


and y= 2a —4, Find the coordinates of the point where they intersect. 


[Use the values: «= ne 10, 1," 2, 3] 


3. Plot the graphs of 
(i) y=10x+8; (ii) y=25 — 7x. 


In (i) read off the value of y when x= —4. 
sad) oaths eee ees WOM PR 7 it: 
4, Using the values x= -10, —5, 0, 5, 10, 15, plot the graph 
of y =F — 2. 
Read off the value of x when y=3, and the value of y when x= - 15. 


[Use a large unit for y. See Art. 254.] 


5. Plot the graph of y=1la+6, and find from the graph the value 
of the expression llz+6 when x=1'8. Also find as nearly as you can 
the value of 2 which will make the expression equal to 20. 
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256. The pupil who has carefully worked the foregoing 
examples will have inferred that the graph of every equation 
of the form y=ax+b (where a and 6 may have any numerical 
values whatever) is a straight line. Also that the graph of every 
equation of the form y=aw is a straight line through the origin. 

Before going further the pupil should verify by trial each of 
the following statements : 


(i) The coordinates of the origin are (0, 0). 
(ii) For every point on the axis of w the value of y is 0. 


(iit) For every point on the axis of y the value of wv is 0. 


Nore. The points where a graph cuts the axes can always be found 
by putting y=0, x=0 successively in the equation. Thus in the 
equation y=6x +3 on page 281, 


when y=0, x= -}=OM in the figure, 
wile {7 Oi 7p eet Cae Neg ; 


The distances OM, ON are known as the intercepts on the axes. 


257. Equations which contain no higher powers of x and y 
than the first are called simple equations or equations of the 
first degree to distinguish them from equations of higher degrees 
such as y=axr?+b, y=23. All equations of the first degree can 
by suitable modifications be reduced to one of the forms Y= OOM 
y=ae-+ 6, and since their graphs are straight lines it is convenient 
sometimes to refer to them as linear equations. 

Since a straight line can always be drawn when any two points 
on it are known, in drawing a linear graph only two points need 
be plotted. The points where the line meets the axes (Art. 256, 


Note) will always suffice, though they are not always.the best to 
select. 


EXAMPLE. Draw the graph of 4x- ay = 13. 


When y=0, ae (intercept on the x-axis), 


and when «=0, y= — 2 (intercept on the y-axis). 


As both of these values involve fractions of the unit, it would be 
difficult to draw the line with sufficient accuracy. In such a case 
it is better to find by trial integral values of x and y which satisfy 
the equation. ; : 

Thus when x«=1, y= --3, and when yHl, v=4. 

The graph can now be drawn by joining the points (1, —8), (4, 1). 
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Graphs of Statistics. 


258. In all the cases at present considered the graph has been 
a straight line obtained by first selecting values of # and y¥ 
which satisfy an equation of the first degree, and then drawing 
a line so as to pass through the plotted points.. The method is 
quite general, and it is easy to see that it may be applied when 
the variables are connected by an equation which is not linear. 
In such a case it will be found that a line drawn through the 
plotted points will take the form of some curve differing in shape 
according to the equation which connects the variables. Without 
discussing such cases in detail we may observe that, whenever 
two variable quantities depend on each other so that a change 
in one produces a corresponding change in the other, we can 
draw a graph to exhibit their variations without knowing any 
algebraical relation between them, provided that we are furnished 
with a sufficient number of corresponding values accurately de- 
termined. 


But we frequently have to deal with cases in which a limited 
number of corresponding values of two variables have been 
obtained by observation or experiment. In such cases the data 
may involve inaccuracies, and consequently the position of the 
plotted points cannot be absolutely relied on. Moreover we 
cannot correct irregularities in the graph by selecting other points 
whose coordinates satisfy a given equation. One method of 
procedure is to join successive points by stratght lines. The graph 
will then be represented by an irregular broken line, sometimes 
with abrupt changes of direction as we pass from point to point. 
In cases where no great accuracy of detail is required this simple 
method is often used to illustrate statistical results. A familiar 
instance isa Weather Chart giving the height of the barometer at 
equal intervals of time. 


The chief disadvantage of this method is that, although it 
gives a general idea of the total change that has taken place 
between the plotted points, it furnishes no accurate information 
with regard to intermediate points. 


Exametr. The readings of a thermometer taken at intervals of 
2 hours beginning at 10 a.m. were 62°5°, 64°, 69°6°, 69°, 66°5°, 65°7°. 

Draw a chart to shew the changes of temperature. 

Let the hours be measured on the horizontal axis, taking 5 divisions 
to represent each interval of 2 hours, beginning at 10 a.m. On the 


vertical axis let each division represent 1° of temperature, beginning 
at 60°. 
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After plotting the points furnished by the data of the question, and 
joining them by straight lines we obtain the broken line PQRSTV 
shewn in Fig. 6. 


Fic. 6. 


But it is contrary to experience to suppose that the abrupt changes 
of direction at Q and R accurately represent the change of tempera- 
ture at noon and 2 p.m. respectively. Moreover, it is probable that 
the maximum temperature occurred at some time between 2 and 4, 
and not at the time represented at R, the highest of the plotted points. 
Now if the chart had been obtained by means of a self-registering 
instrument, the graph (representing change from instant to instant 
instead of at long intervals) would probably have been somewhat 
- like the continuous waving curve drawn through the points previously 
registered. From this it would appear that the maximum temperature 
occurred shortly before 3 p.m., and that TV (which represents a very 
gradual change) is the only portion of the broken line which records 
with any degree of accuracy the variation in temperature during two 
consecutive hours. : 


259. Although in the last example we were able to indicate 
the form of the curved line which from the nature ‘of the case 
seemed most probable, it is evident that any number of curves 
_¢an be drawn through a limited number of plotted points. In 
such a case the best plan is to draw a curve to lie as evenly as 
possible among the plotted points, passing through some perhaps, 
and with the rest fairly distributed on either side of the curve. 
As an aid to drawing an even continuous curve (usually called 
a smooth curve), a thin piece of wood or other flexible material 
may be bent into the requisite shape, and held in position while 
the line is drawn. When the plotted points lie approximately 
on a straight line, the simplest plan is to use a piece of tracing 
paper on which a straight line has been drawn. When this has 
been placed in the right position the extremities can be marked 
on'the squared paper, and by joining these points the approximate 
graph is obtained. 
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Exameie. The following table gives statistics of the population of a 
certain country, where P is the number of millions at the beginning of 
each of the years specified. 

Year 


1830 | 1835 | 1840 | 1845 | 1850 | 1855 | 1860 


p | 20 | 22 | 24:5 | 03 | 31 | 31 | 4] 

Let t be the time in years from 1830. Plot the values of P vertically 
and those of t horizontally and shew the relation between P and t by a 
simple curve passing fairly evenly among the plotted points. Find what 
the population was at the beginning of the years 1847 and 1858. 3 

Take one-tenth of an inch as unit in each case; also it will be 
convenient if we begin measuring abscisse at 1830, and ordinates 
at 20. 

The graph is given in Fig. 7; it will be seen that it passes exactly 
through three of the points and. lies evenly among the others. 
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The populations in 1847 and 1858, at the points A and B respec- 
tively, will be found to be 294 millions and 39 millions. 


260. When the graph is linear it can be produced to any 
extent within the limits of the paper and so any value of one of 
the variables being determined the corresponding value of the 
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other can be read off. When large values are in question this 
method is inconvenient; the following example illustrates the 
method of procedure in such cases. 


Exampie. Corresponding values of x and y, some of which are 
slightly inaccurate, are given in the JSollowing table: 


«| 1|4 [68] 8 9°5 


y | 1 | 8 | 122 | 13 | 15°3 | 20 | 24:8 


7 Palisa eas 


Draw the most probable graph. Also find its equation, and thence 
determine the value of y when x=80, and the value of x when y =68. 


Let 1 inch be taken to represent 5 units along OX, and 20 units 
along OY. 


After carefully plotting the given points we see that a straight line 
can be drawn passing through three of them (marked with a cross) and 


__ lying evenly among the others. This is the required graph. 


Fia. 8. 


Since the graph is a straight line its equation is of the form 
y=ax+4-b, where @ and 6b are numerical quantities which we have 
to find. Since the line passes accurately through the points (4, 8) 
(12, 20), these values of x and y must satisfy the equation. 

Thus putting w=4, y=8, we obtain 8=4a+D ....ccccceecceess. (1); 
again, when Cm iap = 2), wehave 20=12G4 bel ii ksccecsess: (2). 
By subtraction, 8a=12, whence a=1°5. 

Substituting this value in (1), we obtain b=2. 

Hence the equation of the graph is y=1‘5w+2, and the coordinates 
of any number of points on the line may now be found by trial.- 

66 


Thus when «=80, y=122. Again when y=68, = 75 = 44. 
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~TIn Examples 1-5 the plotted points may be joined by straight lines. 
In other cases the yraph is to be a straight line or smooth curve 
lying evenly among the plotted points. | 


1, In a term of 11 weeks a boy’s places in his Form were as 
follows : . 
B50, Ll, 10, sO opie ieee tae a. sks 


Shew these results by means of a graph. 


2. The mean heights of the barometer in inches for the first 
10 days of January 1904 were as follows: 


29°21, 29°12, 29:00, 29:25, 29°37, 29°26, 29-46, 28°83, 28°66, 28°76. 
Exhibit these variations by means of a chart. 


3.4 The highest and lowest prices of Consols for the years 1895 
to 1904 were as follows : 


Year | 95 | 96 | °97 | °98 | °99 | 700 | o1 | 02 | 03 04 
Hiekect 1083 113% | 1135 |113g| 1113/1033] 973 | 97% | 938 | 914 
eee [1033 1052 | 1108|1063| 973 | 963 | 91 |92r% 865 | 85 


Make a chart to shew these variations graphically’ on the same 
diagram. 

[A convenient scale will be: one inch to £10 vertically, beginning 
at 85, and 0°5 of an inch to 1 year horizontally. ] 


4, Make a chart to shew the variations in French Imports and 
Exports (in millions of pounds), for the years 1896 to 1903 inclusive, 
from the following data : 


501 | 53:3 | 513 | 53-0 | 53°6 


51-2 | 50-6 | 49-9 


Imports 


Exports | 20°6 | 19°5 | 20:5 | 22°2 | 25°8 | 23-7 | 22:2 | 2341 


5, Illustrate graphically the variations of National Revenue in 
the years 1898-1906 from the following data : 


veer | 9g | 799 | 00 | 01 | 02 | 03 | °04 | 05 | 706 
Revenue in \ ’ are ‘ on} 1 
He | 95 | 96 | 105 | 115 | 127 | 135 | 125 | 127-| 197 
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6. Plot a graph to shew the variations of population of a certain 
country from the following statistics, where P is the number of millions 
at the beginning of each of the years specified. 


Year 


1830 | 1835 


1840 | 1850 | 1860 | 1865 


1870 | 1880 


p | 20 | 221 | 23-5 | 29:() | 34-2 | 38-2 | 41-0 | 49-4 


Find what the population was at the beginning of the years 1848 
and 1875. 


7, The mean temperature on the first day of each month, on an 
average of 50 years, had the following values : 


Jameleea May 1, 50°; Sept. 1, 59°; 
Feb. 1, 38°; June 1, 57°; Oct. 1, 54°; 
Mar. 1, 40°; July 1, 62°; Nov. 1, 46°; 
April ie 45° : Are." | MOL 7s Dec. 1, 41°. 
Represent these variations by means of a smooth curve. 
[The difference of length of different months may be neglected. ] 


8, The following table gives approximately the circumferences of 
circles corresponding to different radii : 


C | 15°7 | 20°1 | 31-4 | 44 | 52-2 


Pa} 32 | 5. | Fras 


Plot the values on squared paper, and from the graph determine 
the diameter of a circle whose circumference is 12°] inches and the 


- circumference of a circle whose radius is 2°8 inches. 


9. For a given temperature, C degrees on ai Centigrade are equal 
to F degrees on a Fahrenheit thermometer. The following table gives 
a series of corresponding values of F and C: 


Draw a graph to shew the Fahrenheit reading corresponding to 
a given Centigrade temperature, and find the Fahrenheit readings 
corresponding to 12°5° C and 31° C. 

AR. H.S. . 
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10. Corresponding values of x and y, some of which are slightl 
inaccurate, are given in the following table : 


| 3 | 65 | 12 | 14 | 21 | 28-6 | 31:5 


-y | 4 | 48 | 67 | z | ss | n | is 


Draw the most probable graph. From it find the value of x whe 
y =11°'5, and the value of y when x= 10. 


11. If W is the weight in ounces required to stretch. an elasti 
string till its length is 7 inches, plot the following values of W and /: 


w| 2-5 | 3°75 | 6-25 | 7:5 | 10 | 11:25 


I | 8-5 | 8-7 | 9+] | 9:3 | 9-7 | 9° 


From the graph determine the unstretched length of the string, and 
the weight the string will support when its length is 1 foot. 


12. In an Insurance Society the premium (£P) to insure £100 at 
different ages is given approximately by the following table : 


Age | 20 | 22 | 25 | 30 | 35 | 40 | 45 


50 | 55 


p [1s | 19] 20 | 23 | 27 | 31 | 36 | 44 | 55 


Tllustrate the same statistics graphically, and estimate to the nearest 
shilling the premiums for persons aged 34 and 43. 


13. A manufacturer wishes to stock a certain article in many sizes ; 
at present he has five sizes made at the prices given below : 


¢ 


Length in inches | 20 | OL 33 | 45 | 54 
| Price in shillings | “11 | 14-5 20 | 35 | 48-5 


Draw a graph to shew suitable prices for intermediate sizes, and find 
what the prices should be when the lengths are 30 in. and 46 in. 


14, The price in pence of a standard Troy ounce of silver on 
January Ist in each of the ten years 1891-1900 was 
45, 40, 36, 29, 30, 31, 28, 27, 27, 28. 


Draw a smooth curve shewing its value approximately at any time 
during these ten years. 
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15. Plot the points given by the following measured values of x 
and y, some of which are slightly inaccurate’; determine the most 
probable graph and find its equation. [See Art. 260. | 


2 | 1 | 20 | 30 | 372 | 40 [ors 60 | 71 | 80 
y | 3 | 7 | 116 | 15 | 17 | 23:2 | 26°5 | 33 | 37 


From the graph find the correct value of « when y=15, and the 


correct value of y when w=71. From the equation find the value of y 
when x= 164, 


16. An india-rubber cord was loaded with weights, and a measure- 
ment of its length was taken for each load as tabulated. Plot a graph 
to shew the relation between the length of the cord and the loads. 


Toad in pounds « - -| 10 | 12 | 17 | 21 | 23 | 25 


| Length in centimetres | 36°4 | 37°7 | 40°5 | 43:0 | 44°3 | 45°4 


What was the length of the cord unloaded? Also find the load 


_ necessary to produce a length of 41-2 centimetres, 


17. The following table gives the population (in thousands) of two 
towns P and Q at the beginning of each of the years specified : 


Year | 1835 | 1845 


1855 | 1865 | 1875 | isso | 1890 


p | 244 | 26 | 20°5 | 34 | 40 | 43 
a] =| 


36 | 38-4 | AL] | 43 | 44:8 


Plot the graphs on the same diagram, and estimate the population of ; 


_ each town at the beginning of 1870. In what year was the population 


approximately the same in each ? 


18, ‘At different ages the mean after-lifetime (“« expectation of life ”’) 


of males, calculated on the death rates of 1871-1880, was given by the 


following table : 


ape | 8 | 10 [aa ae [eae | 28 | 27 
Expectation | 50-38 | 47-60 | 44-26 | 40-96 | 37-89 | 34-06 | 34-24 


Draw a graph to shew the expectation of any male between the ages 


of 6 and 27, and from it determine the expectation of persons aged 
12 and 20. 


CHAPTER XVI. 
RATIO AND PROPORTION. 


261. Ratio is the relation that one quantity bears to another 
of the same kind, the comparison being made by considering what 
multiple, part, or parts the first quantity is of the second. Thus 
the ratio of one quantity to another is measured by the fruction 
which the first is of the second. 


For example, the ratio 21 miles to 14 miles is the abstract fraction 


21 or 3. This may be written 21 miles: 14 miles, or 3:2. 


262. The two quantities compared in a ratio are called its 
terms. The first term is called the antecedent; the second the 
consequent. 


263. The terms of a ratio must be of the same kind; for 
instance, we cannot compare the magnitude of 21 miles with that 
of 14tons. But such a ratio as 1050 lbs. to 2tons 5cwt. is 
possible, since the quantities compared’ may be expressed in the 
same denomination, and thus the first quantity may be represented 
as a fraction of the second. 


264. For the purpose of comparison ratios may be reduced to 
percentages, as explained in Art. 138. [See also Art. 206, Ex. 2.] 


EXAMPLE 1. On a certain day the exchange between London and 
Paris was 25:20 francs to £1, and the exchange between London and 
New York was 4:86 dollars to £1. What ratio does the value of 1 franc 
bear to that of 1 dollar ? 


Since 25°20 francs = 4°86 dollars, 


1 franc 4°86 27 
* J dollar” 25:20 140’ 


or 27: 140. 
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ExAmPLE 2. Understanding the specific gravity of a solid as the 
ratio which the weight of any volume of it bears to the weight of 
an equal volume of water, jind (correct to two significant figures) the 
specyfic gravity of cast iron, having given that 1 cubic inch of cast iron 
weighs 4°18 0z., and 1 cubic foot of water weighs 62°43 lbs. 


Since 1 cubic foot of water weighs 62°43 lbs., 

62-43 x16 > 
1212 ug 
=0°'578 oz. (nearly). 


. Leubic ities ae oes 


: . ___ weight of 1 cu. in. of iron 
eee eee gravityrot ron weight of 1 cu. in. of water 
_ 4:18 


=o 597 1 2: eo. 


EXAMPLES XVI. a. 


Express the following ratios in their simplest fractional form : 
| 65 miles : 91 miles. 2. 259 tons : 925 tons. 
Bape}, 34.-: £4. 63. 3d. 4, 255 metres : 1-105 kilometres. 
5. 42 of £5. 12s. 6d. : £6. 15s. 
6. Write down as ratios in their simplest form : 
(i) 6d. in the £ ; (li) 1s. 9d. in the £; 
(iii) 2s. 44d. in the £; (iv) 5s. 3d. in the £. 


7, Which is the greatest, and which is the least of the following 


ratios? Express each as a percentage correct to three significant 
figures. ‘ 


(i) £25.28. , (ii) 17 ewt. 2 qrs. ( 
” £46. Os. 4d.’ 1 ton 7 cwt. 2 qrs. ’ 


fii) 695 metres 
1°529 kilometres’ 


8, Having given the following approximate equivalents : 


(i) 32 metres=35 yards ; (ii) 5 kilograms=11 pounds ; 
4 (iii) 4 litres = 7 pints; (iv) 2 hectares = 5 acres; 
write down the approximate ratios of 
(i) 1 metre to 1 yard; _ (ii) 1 kilogram to 1 pound ; 
(iii) 1 litre to 1 pint ; (iv) 1 hectare to 1 acre. 


9, The annual rates on two farms are respectively £33. 8s. 4d. 
and £55, 2s. 9d., the same rate per acre being charged in each case: 
compare as a ratio the acreage of the two farms. 
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10, Two steamers perform the same passage in 2 days 1 hour an 
34 days respectively : compare their average speeds per hour. 


11. ‘Two trains travel respectively 448 kilometres in 8 hours an 
504 kilometres in 12 hours: compare their average speeds. 


12, Compare the rates of travelling of a bicyclist who goes 54: 
kilometres in 2 hrs. 10 min. and a train which travels 95:2 kilometre 
in 1 hr. 42 min. 


13. Two men undertake to drive a distance of 54 miles. Th 
first performs the journey at an average rate of 8 miles an hour 
The second, starting half-an-hour later, arrives 15 minutes sooner 
find the ratio of their speeds. 


14, Consider the ratio 5:8. Add 10 to each term, and explai 
why the ratio is thus increased. If 10 is added to the antecedent 
what must be added to the consequent in order that the ratio ma) 
be unchanged ? 


15. Shew that the ratio 8:5 is diminished by ‘the addition of any 
positive quantity a to each term. Find the value of a when the ratic 
Sq Pecomes equal to 5. 

[The specific gravity of a solid substance is the ratio which the 
weight of any volume of it bears to the weight of an equal volumé 
of water. ] 


16. Given that 1 litre of water weighs | kilogram, and that 1 cubic 
decimetre of gold weighs 19°3 kilograms; write down the specific 
gravity of gold. 


17. Find the specific gravities of the following substances, assuming 
in each case that 1 cubic foot of water weighs 62°43 lbs. : 


(i) Sheet copper, having given that 1 cu. ft. of copper weighs 
548°1 Ibs. 


(11) Cast lead, having given that 1 cu. inch of lead weighs 6°53 oz. 
(ili) Zinc, having given that 1 cu. inch of zine weighs 4:05 oz. 


18. The specific gravity of cast iron is 7-2, and of steel 8-0. Which 
has the greater volume, 11b. of iron or 1 1b. of steel? Two masses 
of iron and steel have equal weights, find the ratio of their volumes. 


| A map and the country it represents are similar figures, that is, are 


of the same shape; and every length measured on the map bears a 
fixed ratio to the actual distance it represents. This constant ratio is 
called the scale of the map, and when expressed as a fraction with unit 
numerator is called its Representative Fraction. For instance in a 
3 1 


map in which 3 inches represents 40 yards, the R.F. = 90 x36 ~ 480 
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19. A map is drawn to the scale of 1 inch to 20 miles; what is its 


Representative Fraction ? 


On this map Plymouth and Penzance are 3+ ee apart ; what is 
the actual distance ? 


' The actual distance between Exeter and Banietans is 30 miles ; 


_ how far apart will they be on this map ? 


20. On a map of South Wales a distance of 50 miles is represented 
by 4°5inches. What is the scale of the map, that is, how many 
miles to linch? What is its Representative Fraction? 


‘ 


From Cardiff to Pembroke on the map is 6°6 inches ; 
from Swansea to Cardigan ............... is 3°9 inches ; 


find the actual distances between these places to the nearest mile. 


Simple Proportion. 


265. Four quantities are said to be in Proportion when the 
ratio of the first to the second is equal to the ratio of the thzrd to 
the fourth: that is to say, when the jirst is the same fraction 
of the second that the third is of the fourth. 


For example: the numbers 14, 21; 26, 389 are in proportion, since 


This is gto by saying 
14 28 to 21 as 26 is to 39; 
or 14°; 21 =26 : 39. 
Similarly the numbers a,b; x,y are proportional if 
Maes 


bey 
and the relation may be written 
Cio =a yf. 
Again the four quantities 
1 ton 12cewt., 2tons; 5s.4d., 6s. 8d. 
are proportionals : 
lton1l2cwt. 32cwt. 4, 
2tons  40cwt. 5’ 
5s. 4d. 64d. 4. 
6s. 8d. 80d. 5” 
from which we see that 1 ton 12cwt. is the same fraction 2 2 tons 
that 5s. 4d. is of 6s. 8d. 
This may be written 


l ton 12 cwt. : 2 tons=5s. 4d: : 6s. 8d. 


for 


and 
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266. A statement expressing the equality of two ratios is 
called a proportion ; the four quantities compared are the terms 
of the proportion ; the first and last terms are called the extremes, 
wnd second and third are called the means. 


Nors. Since every proportion is the equality of two ratios, it follows 
that the first and second terms must be of the same kind, and the third 
and fourth terms must be also of the same kind. 


267. When four numbers are in proportion the product of the 
extremes is equal to the product of the means. 


For suppose the four numbers a,6; «,y are proportionals ; 


ald 
that is, suppose Ree 
“Multiplying both sides by by, we have 
| a se 
7% ha x by, 


or ay = bx. 

268. When four quantities are in proportion, the last q uantity 
is said to be a fourth proportional to the other three. 

Thus if a:6=«:y, then y is the fourth proportional to a, b, x. 

Three quantities a, b, c of the same kind are said to be pro- 
portionals, when a :b=6:-¢. 


In this case ¢ is said to be a third proportional to a and b; 
and 6 is said to be a mean proportional to a and c; and it will 
be noticed that Hot | 

a, 
EXAMPLE 1. What weight has to 165 tons the ratio of 7 to 11? 
Let x denote the required number of tons ; 


then ree 
. LN ets aig) ba | 
Ye a: x 165=105 
11 ; 


So that the required weight is 105 tons. 
EXAMPLE 2. What sum of money has to £2. 6s. 8d. the same ratio 
that 1 ton 4 cwt. has to 5 cwt.? 
Let x denote the required number of pounds ; 
x lton4ecwt. 24cwt.. 24. 
gt ~ Ty Sewheesewt 5.” 
24 
5) 


So that the required sum=£11. 4s. 


then 


Op eee x 2e=114. 


Fe Ne Se ae oe ET ee Pty Ret she ee eo, —. Oe a Poe a Tey 
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EXAMPLE 3. Find the 3" term in the proportion 
168: 2°52=H 4-29, 
BOS ny 2 
NR B52 29° 
_ 1°68 x 4°29 
2°52 
ExamP.Le 4. Find the 4» proportional to 
; 96 Kg., 7:2 Kg., 28°8 metres. 
9°6 Kg. _ 28°8 metres or 26_28°8 
72Kg. xmetres ” 12 ee 
Hence, as explained in Art. 132, 


== 230: 


Here we have 


“. required 4 proportional =21°6 metres. 


EXAMPLES XVI. b. 
1, What number has to 65 the same ratio that 9 has to 13? 
2. Find the number which is to 6°8 as 8:1 is to 7:2, 


3. What sum of money bears to £32 the same ratio that 855 bears 
to 114? 


4, Find the sum which has to £4. 5s. the ratio 65: 1102. 


5. What sum has to £9. 18s. the same ratio that 1 ton 1 cewt. has 
to 2 tons 14 cwt. ? 


6. To what weight does 8-25 kilograms bear the ratio 55:7? 
Find the fourth proportional to each of the following sets of 


~ numbers: 

7. 24, 51, 104; 8. 5 & 4; 

9, 56, 46, 0°63: 10° :ab@ “ee, 
Find the third proportional to | 2 

Ga sae ay ole’ 

18,. 5°6,, 0-84. 14, a, (6, 

_ Find the mean proportional between 

15. 7, 63. 16, $ 1 


ay pees es Pa Ais 9 ( ¥8, ) ab, Vabe; 


298 ARITHMETIC. (CHAP, 


Find the missing terms in each of the following proportions : 


19. £15: [ |=1728h 

20. 27: 39 =a § ]: 364 metres. 
21. 3°15 tons: [ ]=15: 44. 

22. £8:£27  =280miles:[  }} 


23% [ ]: £36. 9s. =4 tons : 27 tons: 
24. 1 yard : 11 feet =750 metres : [ ]. 
25. 12 francs :[ ]= 291 grams : 3:201 Kg. 


96. One cubic inch of steel weighs 4°61 0z., and one cubic centimetre 
of steel weighs 0°28 0z. Express as a decimal (correct to two significant 
figures) the ratio of 1 cubic centimetre to 1 cubic inch, 


27, Find a rough equivalent of 1 ton in kilograms, it being given 
that the ratio of a kilogram to a pound is nearly 11: 5. 


28. Taking the ratio of a yard to a metre as approximately 200 : 219, 
find to the nearest metre the equivalent of 2920 yards. 


29, The ratio of a litre to a pint being nearly 7:4, find roughly 
the number of gallons in | kilolitre. 


30. The specific gravities of copper and cast iron are respectively 
8°6 and 7:2; find, correct to one decimal figure, the weight of a eubic 
foot of cast iron, having given that a cubic foot of copper weighs 
537°3 lbs. 


Simple Proportion by Multiplying-ratios. 


269. From the preceding Articles it will be seen that when 
three terms of a proportion are given, the fourth term may be 
found by multiplying one of the given quantities by a ratio 
formed from the remaining two. The method is more fully ex- 
plained below. 


ExameLe. If 65 lbs. of a certain tea cost £9. 15s., how much should 
be paid for 24 lbs. ? 

It will be seen at once that this question may be solved by the 
Unitary Method, as explained in Chapter vi1.; but we may reason 
more directly from the principles of proportion. 

For it is evident that as long as the price per lb. remains the same, 
the required cost is the same fraction of £9. 15s. that 24 lbs. is of 65 Ibs. ; 


£915 GS 
24 
65 


that is, 


“. required cost=£9. 15s. x 
= £3. 12s. 
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That is to say, noticing that the required cost must be less than the 
given cost in the ratio 24:65, we may at once multiply the given cost by 


the fraction te (less than unity), which we may call the multiplying ratio. 


270. This arrangement is further illustrated by the following 
examples which should be carefully compared. 


ExamPLe 1. A pumping-engine of 54 horse-power raises 306 gallons 
per minute from a shaft of a certain depth. What horse-power is needed 
to raise 561 gallons per minute from the same depth ? 


“Here 306 gallons are raised by 54 horse-power ; 
OOM sallonis! i... bliss req? horse-power. 


[Now if the number of gallons is encreased, the horse-power must 
be proportionately increased. That is, the required horse-power 
will be greater than 54 in the ratio 561: 306. Hence the multiplying 

ad, - 561 , 
ratio is the fraction soe greater than unity. ] 

. required horse-power=54 x 3.61 
= 99. 


EXAMPLE 2. A motor-car runs for 34 hours at an average speed of 
25 miles an hour. How long would it take to cover the same distance 
at a speed of 42 miles an hour ? 


At 25 miles an hour the car takes 31 hours ; 
erro MLes ON HOUT... .c 10. ceccca tee req® tvme. 


[Now if the speed is increased the time required is proportionally 
decreased. That is, the required time will be less than 33 hours in the 
ratio 25:42. Hence the multiplying ratio is the fraction less than 
unity. | 


.. the required time=31 hours x as 


= 275 hours=2 hrs. 5 min. 


971. The reasoning which guided us in forming the multiplying 
ratios in the last two examples should be carefully noted and 
compared. 


In Example 1, the greater the quantity of water raised, the 
greater the necessary horse-power. Double the quantity of water 
would require double the horse-power ; and half the quantity of 
water would require half the horse-power. _ In fact, if we multiply 
the quantity of water by any number m (whole or fractional) 
we must also multiply the horse-power by the same number m. 
In this case the required horse-power is said to be directly 
proportional to, or to vary directly as, the number of gallons 
to be raised. 
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In Example 2, the greater the speed, the less will be the time 
required. 'To double the speed would halve the time ; and to halve 
the speed would double the time. In fact, if we multiply the speed 
by any number im (whole or fractional) we must divide the time by 
m. In this case the time is said to be inversely proportional to, 
or to vary inversely as, the speed. : 


These tests for direct and inverse proportionality will be further 
discussed and illustrated graphically in a later section. [See p. 307.] 


EXAMPLES XVI. c. 


1. By the method of multiplying ratios, find 
(i) the sum greater than £18 in the ratio 11:9; 
(ii) the weight greater than 3% tons in the ratio 12:5; 
(iii) the sum less than £14. 8s. in the ratio 15:24; 
(iv) the length less than 9 Km. 450m. in the ratio 17 : 135; 
(v) the sum greater than £12. 10s. in the ratio of 13 tons : 10 tons. 
(vi) the weight less than 3 lbs. 40z. in the ratio of ys yds. : 43 yds. 


2. A month’s wages of 10men amount to £55; how much would 
24 men earn in the same time at the same rate? 


3. <A vessel sails 74 miles in 12 hours; what distance would be 
covered in 54 hours at the same speed ? 


4, On a certain map 7 inches represents 119 miles; what length 
represents 153 miles ? 


5, If a supply of rations will last 87 men for 26 days, how long 
will the same supply last 58 men at the same rate of issue? 


6. Steaming at the rate of 18 knots a passage is made in 180 hours ; 
how long would the same passage take at the rate of 10 knots? 


7, A tap admitting 20 gallons a minute fills a tank in 21 minutes. 
How long would a tap admitting 56 gallons a minute take to fill the 
tank ? 


8. The railway fare second-class for a journey of 200 miles being 
£1. 5s., what should be the second-class fare for a journey of 420 miles ? 


9. On the plan of an estate a distance of 110 yards is represented 
by 55 inches. What distance is represented by 3 inches ? 


10. An Atlantic Liner will make her passage in 5 days, if she 
maintains a speed of 22% knots. What must be her average speed if 
her time is to be reduced to 44 days? 


Pee Se ee 
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11. Ina coal-mine the winding engine raises the cage in 3y minutes, 
when it works at 36 revolutions a minute: if it increases its speed to 
42 revolutions, how long will it take to raise the cage? 


12. (i) A gang of men has been earning £56 a week. If their rate 


of pay per hour is increased in the ratio 21, and their hours of work 


20? 
unaltered, what will be their weekly earnings? 

(ii) A gang of men is paid at the rate of 73d. per hour each. If 
their hours of work per week are reduced in the ratio 22, while their 


ie 
total weekiy earnings remain the same, what is their new rate of pay ? 
om ) 


‘13. (i) Two motors A and B travel for the same time, A’s speed 
having to B’s the ratio 21:16. A goes 572. miles; how far does B go? 


(ii) A and B travel a certain distance at the above relative speeds. 
A takes 3 hrs. 12 min., how long does B take ? 


(iii) A and B travel a certain distance, A’s time having to B’s the 
ratio 16:21. A travels 28 miles an hour; what is B’s speed ? 


14. If 9:1 metres of cloth are worth 52 shillings, find the value of 
3°5 metres. 


15. The weight of an oak beam 5°6 metres in length is 96 kilograms, 
Find the weight of a like beam whose length is 7:7 metres. 


16. Find the value of a kilolitre of wine, of which 7:2 litres can be 
obtained for 27 shillings. 


17. If silk is bought at the rate of 15°5 metres for 130 fr. 20 C., 
find the cost of 100 metres. 


18, If 174 cubic feet of gravel go to the ton, how many hundred- 
weight go to the cubic yard? [Answer to the nearest unit only.] 


19. An express is timed as follows: Paddington, dep. 11.0 a.m. ; 
Bristol, arr. 1.0 p.m., dep. 1.10; Exeter, arr. 2.33, . dep. 2.41 ; 
Plymouth, arr. 3.48. The whole distance is 246 miles. What. is 
the average running speed per hour? What is the average speed 
including stoppages ? 


20. On crushing a sample of quartz weighing 18 tons, a company 
extracts 23°62 oz. of gold. Kstimate the yield per 100 tons. [The 
answer to be in ounces correct to the 24 decimal figure. ] 


21, If 214-5 metres of wire of a certain diameter can be drawn from 
13°2 grams of goid, what length of wire of the same size would be 
given by 8'4 grams? 


22, If the diameter of a circle is 15 metres, its circumference is 
found to be nearly 47:12 metres. Find approximately the- circum- 
ference of a circle whose diameter is 11 metres. [N.B. Circumference 
of curcles are directly proportional to their diameters. | 
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23. The back and front wheels of a carriage have diameters of 


4 feet and 34 feet respectively. When the former has made 259 
revolutions, how many revolutions has the latter made? 


24, Two wheels whose diameter are 44 feet and 54 feet respectively, 
are geared together by an endless strap passing over their cireum- 
ferences. When the smaller wheel has made 220 revolutions, how 
many will the larger wheel have made? 


25. One cubic inch of lead weighs 63 oz. Find in ounces, correct 
to the nearest hundredth, the weight of 1 cubic centimetre of lead, 


having given 
l cu. cm. : 1 cu. in. = 100 : 1639. 


26. A train runs at an average rate of 40°4 kilometres an hour :* 


how many miles are travelled in 48 minutes. [Reckon 1 Km. =3 mile, 
and remember that the result will be only approximate. ] 


27. The Representative Fraction of a map is wes ; to what 
scale is it drawn (in miles to the inch)? What length on the map 
will represent a distance of 7°6 miles? What distance will be repre- 
sented by 2°55 inches? 


28. The distance from Chester to Carlisle is 1183 miles, and is 
represented on a certain map by 7°5 inches. To what scale is the 
map drawn (in miles to the inch)? What is its Representative 
Fraction? The distance between Newcastle and Sheffield is repre- 
sented by 6:9"; what is the actual distance to the nearest mile ? 


29. A pipe delivers 255°6 litres of water in 27 minutes. Find 
in litres, and hence in kilograms, how much water can be obtained 


See 
in 1% hour. 


30. Find roughly in how many minutes 1 ewt. of water could 
be drawn from a tap which discharges 420 litres in 1 hr. 6 min. 


[1 Kg. =25 lbs. nearly. ] 


272. ‘The following examples differ from those of the pre- 
ceding Exercise only in requiring somewhat more numerical work. 
When the terms which form the multiplying ratios are compound 
quantities, they must be brought to the same denomination. In 
certain cases it is best to reduce to the highest common denomi- 
nation, in others to the lowest; sometimes to an intermediate 
denomination. 


Exampie 1. If 18 tons 8 cwt. of coal cost £26. 13s. 4d., how much 
coal could be bought for £34. 15s. ? 


Here £26. 13s. 4d. buys 18 tons 8 ewt. 
£34. 15s. os req? weight. 
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: £34. 15s. 
Hence required weight= 18 tons 8 cwt. x £26. 138. 4d. 
3 
= 368 cwt. x ota 
263 
ze 3 3 
= 368 ewt. x 139 x 3 
= 4653 cwt. 

= 22 tons 5? ewt. 

‘EXAMPLE 2. A bankrupts debts amount to £5432. 10s., and his 


available property is valued at £803. 7s. ; how much (to the nearest penny) 
can be claimed on a debt of £40. 12s. ? 


DEBT. PROPERTY. 
£5432. 10s. £803. 7s. 
£40. 12s. req? claim. 
Proportional claim on property 
a £40. 12s. 
= £803. 7s. x £5432. 10s. ; 80335 
: 4°06 
& £40°6 32°1340 
= £803°35 x 5439-5 ‘4820... 
5,'4,3,2,5 ) 32°6160 ( 6°0039 
4°06 ; 
ae F 210 
= £8°0335 x 54395 = 


= £6'004, to 3"4 dee. fig. 
= £6. Os. ld., to nearest penny. 


EXAMPLES XVI. d. 


1, The profits of a shop for 28 weeks are £141. 15s, Od.; at what 
rate is this for the year? [Reckon 1 year=52 weeks.]  ° 


2. Acoal merchant buys 700 tons of coal for £1404. 1s. 8d.; what 
should he give for 48 tons at the same average price ? 


8. If 23 dozen of wine cost £49. I4s. 9d., what would be the cost 
of 56 dozen of the same kind? 


4, The weight of 42 cubic feet of coal is 1 ton 9cwt. 1 qr.; what 
is the weight per cubic yard ? 


5, A coach when actually travelling covers on an average 39 miles 
in 5 hours; how far would it go between 8.50a.m. and 5.40 p.m., 
allowing half-an-hour for changing horses. 
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6. If 3t tons of coal cost £4. 11s., what will ot tons cost ? 


7, Aman walking at the rate of 37 miles an hour could walk from 
his house to the railway station in 1 hr. 40min. How long would he 
take to do the same distance at the rate of 35 miles an hour? 


8. How many loads of gravel can be bought for £33. 6s. 8d., if 
27 loads cost £22. 10s. ? 


9. A dealer makes two purchases of sheep at the same average 
price, paying £101. 9s. 6d. for one lot and £150. 13s. 6d. for the other. 
If there are 33 sheep in the first lot, how many are there in the second ? 


10. How many tons of rice can be bought wholesale for £29 in a 
market where 45 cwt. cost £16. 6s. 3d. ? 


11. If £2. 5s. is paid for the carriage of 2 tons 15 cwt. over a distance 
75 miles, how far should 6 tons 5 ewt..be carried for the same sum ? 


12, The rent of 9acres of land being £10. 10s., how much rent 
should be paid for 3 roods 82 poles at the same rate ? 


13. The price per cwt. of a certain commodity is £1. 3s. 4d.; what 
weight of it should be supplied for £21. 16s. 8d. ? 


14. If the produce of one-sixth of an acre is 1 cwt. 3 qrs. 4 lbs., 
how much would be yielded at the same rate by 4 ac. 2r. ? 


15. A man’s hotel bill for 4 weeks 5 days amounted to £28. 17s. 6d. ; 
how much would he have to pay at the same rate for 6 weeks 4 days? 


(On rates in the £.) 


[A bankrupt’s assets are such parts of his property (or the value of 
them) as are available for distribution among his creditors in proportion 
to the sums severally due to them. ] 


16. If a bankrupt’s debts are £2520, his assets £1890, how much 
can he pay in the £? 


17. A bankrupt owes his creditors £1520, and his assets amount 
only to £348. 6s. 8d. How much can he pay in the £? 


18. A bankrupt’s debts amount to £600 and his assets to £410 ; 
what will a creditor receive to whom he owes £125 ? 


19. How much can a man claim for a debt of £141. 1s. from a 
bankrupt whose debts amount to £1792, and whose whole property 
is only worth £1344? 


20. A bankrupt whose liabilities are £1250 pays his creditors 15s. 
in the £. What are his assets, and what is the loss to a creditor to 
whom he owes £150? 


Pe ee eh, ee OE! ee a 
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[Income tax is charged (with certain exemptions) at the rate of so 
many pence in every £1 of full or gross income ; the remaining income 
is said to be net. | 


91. If income tax is lld. in the £, shew that 


(1) tax = gross income x /7'y 5 
(ii) net income = gross me < eae 

ii) net in a inco 5335 
(iii) tax=net income x \y'y. 


And write down the corresponding relations when the tax is wd. in 
the £. 


92. If my gross income is £1563. 10s., what is my net income after 
payment of income tax at 8d. in the £? 


23. A man’s gross income is £610, and on this he has liabilities 
amounting in all to 3s. 1ld. in the £. What is his net income? 


94, What is the gross income of a man who pays £59. 6s. 8d. as 
income tax at 10d. in the £? 


95. After paying income tax at the rate of 9d. in the £, my net 
income is £2117. 10s. How much tax have I paid? 


[Rates are local taxes payable by the occupier of a house or land, 
and charged as so many pence in every £ on the rent, or on a certain 
proportion of the rent called the rateable value of the property. | 


96. The poor rate being 1s. 8d. in the £, what is the rateable value 
of a property which pays a rate of £208. 6s. Sd. ? . 


97. The rateable value of a parish is £5676. 13s. 4d. ; what do the 
rates amount to at 2s. 74d. in the £? 


98. A man’s income was reduced to £522 after he had paid income 
tax of 8d. in the £. What would have been his net income if the 
income tax had been 7d. in the £ ? 


99, After paying income tax at 10d. in the £, and his other rates 
which exceed the income tax by ld. in the £, a man has £584 left. 
What is his gross income ? 


30. In a certain year exemption from income tax was allowed on 
£120 out of an income not exceeding £600, and the rest was taxed at 
9d. inthe £. I paid £17. 5s. 6d. as income tax. What was my total 
income? What was my net income? ; 


31. In the year 1907 earned income (that is, income arising from a 
profession) was taxed at 9d. in the £, and unearned income (that is, 
income arising from -property) was taxed at ls. in the £. If I paid 
£70. 9s. in all, and my earned income was £1174, what was my un- 
earned income ? 


AR. H.S. U 
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(Miscellaneous Examples for Approximate Work.) 


_ 82. Ona certain map 4:7inches represents a distance of 703 miles 

What length will represent 523 miles? [Answer to the nearest tentl 
of.an inch.] What is the scale of this map (in miles to an inch)? An¢ 
what is its representative fraction ? 


33. A Convalescent Home supports 73 patients. at an average weekly 
cost of £122.10s. Find to the nearest shilling the cost of maintaining 
105 patients at the same rate. 


34, At an average speed of 71-2 Km. an hour a certain journey is 
performed in 2hrs. 16min. Find to the nearest minute how long the 
same Journey would take at 53°8 Km. an hour. 


35. . Freight on a consignment of goods for a passage of 600 miles ig 
£28. 19s.6d. What should be the freight on the same goods for 
423 miles at the same rate per mile? Answer to the nearest penny. 


36. By paying an annual premium of £47. 3s.; I insure my life for 
£1500. Find to the nearest pound for what sum I might insure for a 
premium of £38. 15s. 


of, Find to the nearest gram the weight of 78°6cu.cm. of silver, 
it being given that the weight of equal volumes of silver and water are 
in the ratio 21 :2. 


38. On a gross income of £1253 I pay income-tax at the rate of 
8d. in the £, and then save 3s.6d. in every pound that remains. Find 
to the nearest pound what income remains for current expenditure. 


39. A contractor undertook to build a light railway for £5000 in 
two sections, the first section consisting of 18°740 Km. of line, the 
second of 6560 Km. When the first section was complete he found 
his expenditure had been £3704. Supposing the second section could 
be built at approximately the same cost per kilometre, estimate his 
probable gain or loss. [Neglect fractions of a pound. ] 


40. The weight of a steel wire is 23 lbs. to the yard; find 
approximately how many kilograms go to the metre. [Assume 
1 metre : 1 yard=35 : 32, nearly; and 1 Kg. =25 lbs. nearly; these 
data being only near enough to give a result true to one decimal place. ] 


41. A rainfall of + ineh gives approximately 11,344 gallons per 
acre. Express this rainfall approximately in litres per hectare. 
[1 litre=13 pint, and I hectare =2? acres, nearly. ] 


42, The weights of equal volumes of gold and water are in the 
ratio 96:5, and a cubic inch of water weighs 0°58 oz. Find the volume 
of a nugget of gold weighing 8°7 oz. Answer to the nearest hundredth 
of a cubic inch. 
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Tests of Proportionality. 
Proportion illustrated Graphically. 


273. In the foregoing examples no difficulty will have been 
found in recognising the proportionality of the quantities involved. 
For instance, when men are all paid at the same rate and for the 
same time, the to¢al swum paid is proportional to the number of men. 
For if we know that a given number of men require a certain 
sum, then m times the number of men require m times the sum of 
_ money, whatever number (whole or fractional) we take for m. 

{Art. 271.] For a similar reason, when speed is uniform, the 
distance covered is proportional to the time: and go on. 


274. But two quantities which are so related that when one is 
increased or diminished, the other is also increased or diminished, 
are not necessarily proportional. 


set li nal a ee Coal ine 
p 


For instance, when we increase the side of a square, we increase the 
area; but the side and area of a square are not proportional; for on 
doubling the side, we multiply the area by 4; and on ¢rebling the side, 

_we multiply the area by 9. 

Again, a body dropped from rest falls 16 feet in the first second ; but 

not 32 feet in the first 2seconds, nor 48 feet in the first 3seconds; for 
_ the speed is continually increasing. Thus the distance traversed is 
_ not proportional to the time. 
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275. Direct proportion may be thus illustrated graphically. 
Consider the series of values of a andy given in the table below, 
and in each case simplify the ratio x: 2. 


«| 45 | 9 | 12 165 | 195 
yfafejs|u| a 
We find Ce. cl 13. 8 


45 9 12 165 195 3” 


so that, for each pair of values given, the ratio % ig constant ; 
since in all cases - 
ae ae 
Pe PE ack 
Hither of these equations expresses the fact that 


y is directly proportional to x, 
or y Varies directly as 7. 
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Now plot the points given by the above pairs of values o: 
x and y in the table, and let them be denoted by P, Q, R, S, T 
as in Fig. 9. It will be found that ad/ these points lie on a straigh 
line passing through the origin. 


Siaiad dU atukaiana Koba Ca Bat 
4 


Sita 10 15 20 
ei) lm 4 | | 


Fig. 9. 


Note. The reason for this may be stated as follows: Draw the 
ordinates PA, QB, RC, ..... Then if in the right-angled triangles 
PAO, QBO, RCO, ..., the vertical sides PA, QB, RC, ... bear a fixed 
ratio to the horizontal sides OA, OB, OC, ..., then all the triangles are 
similar, that is, have the same shape; so that they will all have the 
same angle at O, and accordingly the points O, P, Q, R, ... will fall in 
the same straight line. [See School Geometry, p. 265, Theorem 64. ] 


276. From the above reasoning and experiment we infer 
(i) that if w and y are directly proportional, then y=ax for 
- every pair of corresponding values, where @ is some 
constant multiplher. 
(ii) that the graph of y=azr is a straight line through the 
origin. [See Art. 256.] 


EXAMPLE. In a certain mine it was arranged that the rate of wayes 
showd rise or fall when the price of coal rose or fell. The following 
table shews corresponding prices and wayes. 


Price per ton at pit’s mouth, | 10s: 


12s. 6d. | 14s. 6d. | 16s. 


Wages per week, - - - | 228. | 278. | 30s. | 328. 


Determine graphically if the wages are proportional to the prices. 
If not, take the first pair of prices and wages as the standard, and find 
graphically what wages would be proportional to the remaining prices. 
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Measure prices horizontally, taking 0-2in. to represent ls. Measure 
wages vertically, taking 0:1 in. to represent 1s. Plot the points given 
by corresponding values in the table ; call these P, Q, R, S. 


. aa 
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: ha 
| 
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, 
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. 
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We see at once that these points are not ona straight line through O. 
Hence the given wages are not proportional to the prices. 


If now we draw and produce the line OP, we obtain a graph for 
every point of which the ordinate has to its abscissa a constant ratio, 
namely that of PM to OM, that is, of wages 22s. to price 10s. 


We have now to produce the ordinates of Q, R, S to meet the 
graph OP, and on measurement the new ordinates are found to be 
2°75", 3:17", and 3°52’; representing approximately wages of 27s. 6d., 
31s. 8d., and 35s. 2d. 
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277. It will now be seen that a graph accurately drawn on : 
suitable scale may often be used as a ‘ready reckoner.’ 

It is particularly important that the pupil should draw hi 
diagrams on a sufficiently large scale, and that he should b 
careful in the choice of units. These should always be clearl} 
marked on the axes. 


EXAMPLE. Given that 5°5 centimetres are approximately equal te 
2°15 inches, draw a graph to convert any number of inches into centi 
metres, or centimetres imto inches. 


Suppose y inches are equivalent to x centimetres, then it is clea: 
that the ratio of y to 2:15=the ratio of x to 5'5; 
Ms: Anal 
that is, 515 55 
which is an equation representing a line through the origin, and tc 
draw the graph it is only necessary to mark the position of one other 
point. Hence if we plot a point P whose coordinates are 5°5 and 2°15, 
OP is the required graph. See Fig. 11 on the opposite page. 


By taking 10 divisions of the paper as unit on each axis the ruled 
lines will mark tenths of the unit. We can thus read accurately tc 
one place of decimals. The second place can be judged by the eye 
to a fair degree of accuracy as explained in the example of Art. 255. 


Thus to find the equivalent of 3cm., we observe that the ordinate 
RM is greater than 1*1 and less than 1:2, and we estimate its value as 
1°17. Hence 3cm.=1°'17 in. approximately. 


From the graph we may read off the following approximate 
equivalents : 
1 cm. =0°39 in., 1 in. =2°56 cm., 


4em, = 1°56 in., 4:60: cms= 1730 3n. 


Similarly any other equivalents may be found. The student will 
find it interesting to check the accuracy of his work by calculating 
equivalents from the equation of the graph. 


Notr. The size of the page does not admit of a diagram large 
enough to read the equivalents for large numbers. But if accuracy to 
only one place of decimals is required, we may use the diagram in the 
following way. After using the data as already explained to obtain 
an accurate graph, if we now suppose:the unit on each axis to be one 
division of the paper, we can read off results as follows : 


locm.= 59in., - 28.cm.=i43 m.. 
8 in. =20°4em., 19°5 in. =50 cm. 


Here we read the integers accurately and judge the tenths. 
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278. Inverse Proportion. Suppose that a distance of 25 miles 
is to be covered at a uniform speed. Let us find what times the 


journey would take at 1, 24, 5, 7, 10, 15, 25 miles per hour 
respectively. 

Here as the speed increases, the time decreases ; and if any speed 
is multiplied by m, the corresponding time is divided by m. That 
is, the time is inversely proportional to the speed. 

Let # denote the speed in miles per hour, and y the corresponding 
time in hours. 

Then, by finding values of y corresponding to the above given 
values of z, we may complete the following table. 


We observe that for each pair of corresponding values 
EX y=25, so that y= 25 x 
Thus when 7 is inversely proportional to 2, 


Pax Et : 
y varies as — (7.e. as the reciprocal of ). 
a 


Now plot points from the above pairs of values of # and y, and 
draw a freehand curve through them. | 
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This curve is the graph of y=, and represents pictorially the 


variations of two quantities which are inversely proportional. 
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EXAMPLES XVI. e. 


(Tests of proportionality. ) 


1. As a boy grows older he grows taller; does his height vary 
directly as his age? Give an instance. 


2. <A boy can run 100 yards in 12 seconds; can he run a mile in 


3. A train travels 380 yards in the first minute after starting 
from a station. Can you say how far it will have travelled in the 
first 5 minutes, 11 minutes, x minutes? 


4, A shell leaves a gun with a muzzle-velocity of 2100 feet per 
second : will it traverse 6300 feet in 3 seconds, and (2100 xm) feet in 
m seconds? Give a reason for your answer. 


5. If you had a number of leaden balls of different sizes, would 
you expect their weights to.be proportional to their diameters? If 
not, would the weights or the diameters increase more rapidly ? 


6. Suppose that with engines of 1000 horse-power a steamer of 
a certain size and build can make a speed of 11 knots. Can you 
suggest a reason why engines of 2000 H.P. would not. suffice to drive 
the same boat 22 knots; nor engines of 3000 H.P. at 33 knots? Is 
the speed of a steamer proportional to her indicated horse-power ? 


(Graphical Hxamples. ) 


7, Assuming that 13 dollars are approximately equal to 54 shillings 
draw a graph to shew the relation between dollars and shillings for 
any sum up to £5. 


Read off (i) the number of shillings in 7 dollars ; 
(ii) the number of dollars in £3. 
Shew that £4. 7s. is very nearly equal to 21 dollars. 
8, Given that 20 litres=4°4 gallons, draw a graph to convert 
litres to gallons or gallons to litres. 
Express (i) 25 gallons in litres; 
(ii) 20°9 litres in gallons. 
[Take one gallon to the inch on the axis of x, and 10 litres to the 
inch on the axis of y. ] | 
9, Given that 6°01 yards=5°5 metres, draw the graph shewing 
the equivalent of any number of yards when expressed in metres. 
Shew that 22°2 yards=20°3 metres, approximately. 
10, Draw a graph shewing the relation between equal weights in 
grains and grams, having given that 18°] grains=1'17 grams.- 
Express (i) 3°5 grams in grains. 
(ii) 3°09 grains as a decimal of a gram. 
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11. A train in 2 minutes after leaving a station covers 700 yards ; 
in 35 minutes 1300 yards ; in 43 minutes 2100 yards ; and in 6} minutes 
4400 yards (the times and distances being all measured from the start). 
Shew by a diagram that the distances are not proportional to the times. 

If the train after the second minute had proceeded uniformly at 
its average speed for the first two minutes, find graphically (to the 
nearest 100 yards) how far it would have gone in 65 minutes? 


12. Given that the circumferences of circles are directly proportional 
to their diameters ; and that a circle of diameter 10 cm. has a circum- 
ference approximately equal to 31:4cm.; draw a graph shewing the 
ratio of the circumference to the diameter in any circle. 


Use this graph to find as nearly as possible 
(i) the circumference of a circle of diameter 16 cm. ; 
(ii) the diameter of a circle of circumference 40 cm. 


13. Draw a graph to serve as a ready reckoner for wages at £20 a 
year. Read off to the nearest penny the wages for 1 week, 20 days, 
and 48 days. 


How long had a servant worked who received £3. 7s. 6d. as wages? 


[Take 0:1” to represent 1 day on the a-axis and the same unit to 
represent 1] shilling on the y-axis. Then since the wages for 73 days 
amount to £4, the graph is at once obtained by joining the origin to 
the point (73, 80). ] 


14, A speed of 60 mi. per hour is equivalent to 88 ft. per second. 
By means of a graph express in miles per hour the approximate speed 
of trains which respectively cover 40 ft., 64 ft., 78 ft. per second. 


15. Acertain Life Assurance Company undertakes to pay £100 to 
a man’s relatives at his death in return for annual premiums whose 
amounts depend, as in the following table, upon the age at which 
the premiums begin. 


Age | 2b 80. | 35 | anes 


Premium | £2, 3s. | £2. 9s, | £2. 16s. | £3. 58. | £3. 16s. 


Plot these values on a chart, aad determine by means of it if the 
premium is directly proportional to the age. 


Taking as your standard ‘‘ premium £2. 16s. at age 35,” find graphi- 
cally what would be the proportional premiums at the other ages. 


16. At the end of cach year a settlement adds to its population 
q'5 of the number of inhabitants at the beginning of the year. At the 
beginning of 1905 the number was 2000: what was it at the end of 
1905, 1906, 1907, 1908? Tabulate and plot the increases shewn at the 
end of each year above the population of Jan. lst, 1905. Indicate by 
a chart that these increases are not proportional to the times; and try 
to account for their not being so. 
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17. If the wages for a day’s work of 8 hours are 4s. 6d., draw a 
graph to shew the wages for any fraction of a day, and find (to the 
nearest penny) what ought to be paid to men who work 2}, 31, 61 hours 
respectively. How many hours’ work might be expected for 28. 10d. ? 


18. The highest marks gained in an examination were 136, and 
these are to be raised so that the maximum. is 200. Shew how this 
may be done by means of a graph, and read off, to the nearest integer, 
the final marks of candidates who scored 61 and 49 respectively. 


‘ 


Compound Proportion. 


279. A question in proportion is said to be simple when only 
one multiplying ratio is to be considered. In Compound Pro- 
portion the required term is affected by two or more multiplying 
ratios. Our first example will illustrate the process graphically. 


Example 1. A rectangle ABCD represents an area of 150 sq. ft. 
If the length is increased in the ratio 4:3, and the breadth increased 
m the ratio 3:2, what area will the new rectangle represent ? 
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(i) If the length is increased in the ratio 4, that is, from AB to AE 
(the breadth remaining the same), 


we pass from the rect. ABCD to the rect. AEFD; 
and rect. AEFD=rect. ABCD x = 
(ii) If now the breadth is increased in the ratio 3, that is, from 
AD to AG, 
we pass from the rect. AEFD to the rect. AEHG ; 
and rect. AEHG=rect. AEFD x 3. 
=rect. ABCD x 4 x 


nee 


Hence the rect. AEHG represents 150 sq. ft. x : x >) 
or 300 sq. ft. 
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EXAMPLE 2. If 36 men can build a wall 140 yards long in 21 days, 
how many men would take 18 days to build a similar wall 50 yards in 
length ? . 


State the question so that the term corresponding to the answer 

stands last. 
140 yards can be built in 21 days by 36 men; 
50, yards vod aeeneenes ABS Fs os at req? number. 

(i) If the length of wall is diminished from 140 yards to 50 yards 
(the time being unaltered), the number of men will be diminished in 
the ratio 3%. 

So that the required number of men would be 36 x 4°. 

(ii) If now the time is diminished from 21 days to 18 days, the 
number of men will be increased in the ratio 21. 

So that finally the required number of men 


ee ae | 
= 36 X 74% ig 


ae), 


280. From these examples we learn that in Compound Pro- 
portion the final result is obtained by multiplying the given term 
(of the same kind as the answer) in succession by the multiplying 
ratios arising from each pair of corresponding quantities in the 
statement of the question. 

In Example 1, the area of the rectangle is said to vary jointly 
as (that is, as the product of) its length and breadth. 

In Example 2, the number of men varies jointly as the amount 
of work taken directly, and the number of days taken inversely. 


EXAMPLES XVI. f. 


-1, A certain rectangle has an area of 96 sq. ft.; what would be 
the area of a rectangle 5 times as long and 5 as wide? 


2. <A rectangular sheet of lead weighs 25 cwt.; what would be the 


weight of another sheet 35 times as long and 2 as wide (the thickness 
being the same) ? 


3. A motor travelling at a uniform speed for a certain time covers 
96 miles. Had a run been made at # the speed, the time being 
diminished in the ratio 2, how many miles would have been covered ? 


4, A gang of men earns £22. 10s. in a certain time; how much 
would be earned at the same rate by $ of the gang, if their working 
time were reduced in the ratio 42 
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5, A certain block of granite weighs 33 tons ; what is the weight 
of a second block whose length, breadth, and height are respectively 
3, 3» and 3 of the corresponding divisions of the first block ? 

6. A marine engine working at 2400 horse-power consumes 
225 tons of coal per week. How many pounds is this for 1 horse- 
power for 1 hour? 


7. If 6 persons spend £150 in 20 weeks, how long will £105 last 
7 persons at the same rate ? 


8. If 6 persons spend £150 in 20 weeks, what would be the 
expenditure at the same rate of 9 persons for 24 weeks? 


9, If 4men earn £9 in 12 days, what should be the wages of 6 men 
for 10 days? 


10. How many men will mow 48 acres of grass in 8 days, if 12 men 
can mow 36 acres in 5days? 


11. How much will 42 men earn in 30 days at the rate of £368 for 
69 men for 35 days? 


12. If a family of 9 people can live on £120 for 8 months, how 
many can live for 16 months on £640 at the same rate ? 


13. “If 7men earn £9. 9s. in a certain time, how many will earn 
£9. 18s. at the same rate in 3 of the time? 


14, A piece of work is completed by 32 men in 20 days of 75 hours 


each ; how many men would be required to do it in 8 days of 10 hours 
each ? 


15, If 49 men can empty a reservoir in 65 days by pumping 8 hours 
a day, in how many days of 5hours each will 196 men do the same 
work ? . 


~ 16. A wall is built by 17 men in 24 days; in how many days can 
18men do the work, if the working hours per day are reduced in 
the ratio 49 


17. If when meat is at Sid. per pound, it costs £50 per month 
to supply a household of 23 persons, what will be the monthly cost 


of meat at 114d. per pound for a household of 34 persons? 


18. If 13 men earn £121. 6s. 8d. in 8 weeks, in what time will 17 men 
earn £257. 16s. 8d. at the same rate ? 


19, Working for 7 days of 8 hours each, 19 men earn £42. 15s. At 
this rate how much would 49 men earn in 2 days of 10 hours each ? 


20. How many pages of a magazine will a manuscript occupy which 
has 120 pages each of 28 lines, with an average of 7 words in a line; 
if a page of the magazine has 42 lines, with an average of 10 words 
in a line? 
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21. An engine of 1 horse-power can lift 33,000 lbs. per minute 
vertically through 1 foot. What horse-power is required to raise per 
minute 


(i) 3cewt. of coal up a shaft 550 ft. deep? 
(ii) 53 ewt. of coal up a shaft 100 fathoms deep? [1 fathom=6 feet. ] 


(iii) 440 gallons of water up a shaft 100 yards deep? [1 gallon of 
water weighs 10 lbs. ] 


And prove that if H denotes the horse-power required to raise W lbs. 
through h feet per minute, ‘~ 
xh 


pes 33,000" 
22. A garrison of 1500 men has provisions for 12 weeks. How many 
men could be maintained for 20 weeks on the same provisions if the 


. : =e 
daily allowance per man were reduced in the ratio 79? 


23. A besieged garrison of 600 men have provisions to last 35 days 
at a certain rate of issue. How long would the provisions last if the 
garrison were reinforced by 300 men, and the daily allowance per man 
reduced in the ratio 5:6? 


94, If the carriage of 3 tons 14 cwts. for 98 miles cost 18s. 6d., what 
will be the cost of carrying 2 tons 9 ewt. a distance of 28 miles at the 
same rate per ton per mile? 


25. If an engine of 40 horse-power is required to pump 220 gallons 
of water per minute from a depth of 600 feet, what horse-power would 
be needed to pump 1 ton of water per minute from a depth of 495 feet ? 
[1 gallon of water weighs 10 lbs. ] . 


26. An express train travelling at 55 miles an hour accomplishes 


a journey in 35 hours. How long will it take a slow train to travel 
two-thirds of the distance, its rate being to that of the express as 
4to9? 


27. A locomotive engine, whose driving-wheel is 5 feet in diameter 
and makes 168 revolutions a minute, travels at 30 miles an hour. 
What is the speed of an engine whose driving-wheel is 7 ft. in diameter 
and makes 136 revolutions a minute? [N.B. The circumferences of 
circles are proportional to their diameters. | 


28. If 40 Knglish navvies, each earning 7s. a day, do in 30 days a 
piece of work for which 56 Belgian workmen, each earning 6 frances 
a day, require 40 days; determine which class of workmen is the more 
profitable to a contractor, taking the value of a franc at 10d. in English 
money. If a contract carried out by English navvies cost £6000, what 
would be the cost of the same contract when executed by Belgian 
workmen ? 
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Proportional Division. 


281. The following application of Proportion deserves special 
attention, namely the process by which a quantity may be divided 
into parts which bear given ratios to one another. 


EXAMPLE 1. Divide 23 Jeet mto three parts proportional to the 
numbers 4, 5, 6. 

This means that the 1** part must be divisible into 4 equal sub- 
divisions, of which the 24 part must contain 5, and the 3 part 6; 
so that the whole line must contain 4+5-+6, or 15, such subdivisions. 

; 1st part= +’. of 25ft.= Sinches; 
2nd part =~. of 2} ft.=10 inches: 
p I > ; 


3°! part= 7% of 21 ft. =12 inches. 


as 
Or thus: 
Let x denote the number of inches in the 1*t part : 
p 
Bete gE Cente. «xa, 0c LOREEN dees yi ate aa et 
6 
Biter eC AGTOLES 1.01, 7b ee ee Hr hapere es ie 


so that x+3x+Sx=30. 
From this equation x=8; whence #a2=10, and Su=12. 
Norte. It is clear that the result will not be altered, if the numbers 


which fix the ratios of the required parts are all multiplied, or all 
divided, by the same number. Thus division into parts proportional to 
(i) 400, 500, 600, 
Gi) sy gy ofp 
(ili) 4m, 5m, 6m, 
is In each case performed by dividing into parts proportional to 
4, 5, 6. 


Divide £149. 10s. into three shares proportional to the 


~] 


. 


~ 


EXAMPLE 2. 
2) 
3B? a 


fractions 3, 
The given fractions, reduced to a common denominator, are qos 
iz» qr ue. 6 twelfths, 8 twelfths, 9 twelfths; these are evidently 
proportional to 6, 8, 9. 
Now 64+8+9=23; 


1st share =% of £1493 = £39 ; 


2d share = os of £1495 a PAT 


3d share = a5 of £1491 = £58. 108. 


vo 


Notz. The 3" share may also be found by subtracting the sum of 
the 1** and 2»4 shares from the given sum. 
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Exameie 3. Divide 9 kilograms into parts proportional to the 
decimals 2°16, 3°52, 4°32. 


Here 2°164+3°52+ 4°32=10. 


Fd bn part=7 of 9 Kg. =0°216 of 9 Kg. =1'944 Kg. ; ) 
é 3°52 

a part=j9- of 9 Kg. =0°352 of 9 Kg. =4°068 Kg. ; 
4°32 

are part= 49 of 9 Kg. =0°482 of 9 Kg. =3 988 Kg. © 


282. A quantity is divided into parts inversely proportional 
to given numbers, when the parts are proportional to the recip- 
rocals of the given numbers. 


For instance, if a quantity is to be divided into parts inversely 


proportional to 2, 3, 4, the parts must be proportional to 


1d 
2? 3? @° 


EXAMPLES XVI. g. 


Divide 

1. £80 into two parts in the ratio of 3:7. 

Pitted Miles)! cee. LOOP MISTS Gore esi ness aed ns Cea 

Ree LOS 00! x; Bephe three parts proportional to 4, 5, 11. 

ve E78 fe a a is 1 NO a oa 1; 3:8 

ST) Bae RSS ae aia Aid AS. tet re 4. Do Ge 

Bs VATS 5: ead Aipgeo OL ne hal eee 200, 300, 500. 

2 dao Wo) Sal Ae aa TL OMTSOLIS aan «ks Bak eyes > «5 5, 9, 10, 12. 

Be 2420 avers CUT Oe ORAS We oe, se radun one oman 35, 56, 63. 

Sri 20 RS eM eR PV BR ANU aka sh Merge das alee Crane + 394° 

BO 429 DONS Cy b stees DIET Oe IRIE Sliced lon 9/50 ans. 2 > 3, 3. ot: 
meer Os 178. BGS, ions TPC AGRE ie atc dc senha. viens 4 3. 2. 
eee LOS. 14), Op asstens OME PRAT Pets noon Baad «snes a) 3, +. 

ee IN Es fC) os Ne eens LRP LOM DUEUS ai tatoo ives venecvee see 3:2, 2:5 ;aroe 
ema tacos MR Ce al CRRA STIAR BAERS ese nes uieeanee 1°39, 3:24,.5:37. 
Thee 20 metres... ERUCC AUN an delhe cyrnes sos on Kae 3°12, 5:20, 6°08; 


giving answers true to the nearest decimetre. 


16. 


The sides of a triangular field are proportional to 5, 7, 8; and 


its perimeter is 270 yards. Find the length of each side. 
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17. An examiner wishes to mark three questions proportionally 
to 2:0, 3°2, and 4°8. How must he distribute 150 marks between 
them ? 


18. Concrete consists of 15 parts of lime, 4 parts of gravel, and 
24 parts of sand. Out of 6% tons of concrete how much is lime? 
What percentage of each ingredient does concrete contain ? 


19, Divide 289 metres into three lengths inversely proportional to 
2, 3, 9 


‘20, The sides of a triangle are respectively 2 inches, 3 inches, 
and 34inches. A similar triangle has a perimeter of 338 feet ; find 
each side. 


21. Three persons A, B, and C join in a commercial venture 3 A 
contributing £320, B £400, and C £880. If the total profits amount 


to £165. 10s., how much should each contributor receive ? 


[Here the profits are to be divided into shares proportional to the 
amounts of capital invested; that is, proportional to £320,. £400, 
£880 ; namely to 4, 5, 11.] 


22. Three partners join in a speculation, contributing respectively 
£500, £300, and £200 to the capital; if the total profits amount to 
£80, how much should each partner receive ? 


23. A, 6, and C enter into partnership, 4 contributing £750, 
B £1000, and C £1250. To what percentage of the annual profits is 
each partner entitled? How much should C receive from a total 
profit of £1500? 


24. Asum of £5100 is to be raised by three towns whose populations 


are 4250, 5250, and 7500 respectively; if the towns contribute in 


proportion to their populations, what does each town contribute ? 
And what percentage of the whole sum is furnished by the first town ? 


2). A bankrupt. owes £250, £330, and 400 guineas respectively to 
three creditors, and his available property is worth only £125. How 
much should each creditor receive, and how much in the £? 


26, A man gave £2 to be divided among his three sons in proportion 
to their several ages, which were 12yrs.9mos., 9yrs.9mos., and 
7 yrs. 6mos. What was each son’s share ? 


27. <A sovereign consists of 22 carat gold, that is, 22 parts by weight 
of pure gold and 2 parts copper: its weight is 123-274 grains. Find, 
to the nearest grain, the amount of pure gold in 300 sovereigns. 


28. Air is composed of nitrogen, oxygen, and carbonic acid in parts 
whose weights are nearly proportional to 75°62, 23°04, 1°34. Find, 
to the nearest gram, the weight of oxygen contained in 3°75 Kg. of air. 


AR. H.S. x 
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29, Given (as in the last example) that nitrogen, oxygen, and 
carbonic acid enter into air nearly in proportion to 75°62, 23°04, 
1:34 by weight ; and that 1 litre of air (at mean atmospheric pressure) 
weighs 1295 grams: find the weight of oxygen in | cubic metre of 
air to the nearest gram. ; 


30, Steel is composed as follows: iron 98°1 parts by weight, carbon 
1‘7 parts, other elements 0-2 part. In a steel bar weighing 207°4 Kg. 
find the weight of carbon. [Answer to three significant figures. ] 


"81. Divide: £72. 12s, among, A, 7, and C, so that A may get 
2} as much as B, and B 1} as much as C. 

[Suppose C gets Ishare; then B gets 1} shares; and A gets 
21 of 13, or 3} shares. Thus the given sum must be divided 


proportionally to 34, 13, 1; that is, to 7, 3, 2.] 


- 


392. Divide £4. 2s. 6d. among A, B, and C, so that A’s share may 
be 2 of B’s, and B’s share 14, of C’s. 


33. The sum of £12. 10s. is to be divided between A, B, and C, 
so that A’s share is to B’s in the ratio 5:2, and B’s share to O’s in 
the ratio 7:13. How much should each receive ? 


34. Divide £146 among A, B, and C, so that as often as A gets 4s., 
B may get 5s. 4d.; and as often as’B gets 8s. 9d., C may get 7s. 6d. 


35, Two brass alloys are composed as follows: the 1* contains 
3 parts tin, 20 parts copper, 3 parts zinc; the 2"¢ contains 7 parts 
tin, 56 parts copper, 2 parts zinc. These alloys are fused together 
in equal quantities (by weight). In what ratios will the three 
ingredients enter into the resulting alloy ? 


(Division in Compound Proportion. ) 

[If it is required to divide a quantity into parts which are joimtly 
proportional to a, b,c, and to a, y, z, the required parts must be 
proportional to axa, bxy, ¢xz; namely to ax, by, cz.] 

36. A, B, and C join in a business, contributing to the capital as 


follows: A employs £500 for 12months, B £600 for 9months, C £300 
for 7months. How should profits amounting to £384 be divided ? 


[Here the several claims depend partly on the amounts advanced, 
and partly on the ¢imes for which these amounts were employed. 
Consider the employment of £100 for 1 month to be the unit claim. 

Then £500 for 12 mos.=5x 12, or 60 units ; 

£600 for 9mos.=6x9, or 54 units ; 
£300 for 7mos.=3x‘7, or 21 units. 

Thus the claims should be as 60: 54: 21; 

viz. as 20:18: 7.] 
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37. How should a profit of £160 be divided between two partners, 


one of whom has contributed £500 for 6 months and the other £850 
for 4 months. 


38. There are three partners in a business. A puts in £600 for 
3 months, B-£400 for 5 months, and C £1250 for 2 months; and 
the profits are £708. 15s. How ought they to be divided ? 


39. A begins business with a capital of £4000, and after 4 months 
takes B into partnership with a capital of £300. Two months later 
C joins the firm with a capital of £5000. At the end of the year 


the profits are found to be £1557. 15s. ; how much of this sum should 
each partner receive ? 


40. A and B enter into partnership, A contributing £800 and 
B £1000. At the end of 6 months they admit C, who contributes 
£600. After the lapse of 3 years they balance the books, discovering 


a profit of £966. Find the share of each. 


41, <A certain mixture is formed of two substances combined in 
volumes having the ratio of 4:5. The specific gravities of these 
substances are as 5:6. Tf the weight of the mixture is 15 0z., find 
the weight of each substance in it. [N.B. The weight of a body 
depends jointly on its volume and its specific gravity. | 


42. The specific gravities of three metals are as 3:2:5. Volumes 
of these metals proportional to 7, 4, 2 are mixed to form an amalgam. 


How much (by weight) of each metal is contained in 78 lbs. of the 
amalgam ? 


* 43, Three partners gain £3650 by a Speculation. The first ad. 
vances one-third of the capital for one-fourth of the time ; the second, 
one-fourth of the capital for one-half the time; the third, the re- 


mainder of the capital for the whole time. Find their respective 
shares of the profit. : 


E it is required to divide a given quantity into parts which are 


jomtly proportional to a, b, ¢ taken directly, and to x, y, z taken 
inversely, the required parts must be proportional to 


: t a 
ax a bx s ex ; that is, to pa * | 
28 y Z LPC oak 


44, <A set of 210 coins consists of three groups, namely of sovereigns, 
of crowns, and of florins respectively. The values of the groups 
are as 14:4:3. What is the number of coins in each group ? 


45, Three substances whose specific gravities are as 2:3:4, are 
mixed together in parts which by weight are as 14:15:16. In what 
ratios by volume are these substances combined ? And what volume 
of each is there in 3:2 litres of the mixture ? 
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Miscellaneous Applications of Proportion and Variation. 


283. We have already seen [Art. 275] that if one quantity y 
varies directly as another quantity 2, then for every pair of 
corresponding values of # and y, 


y=kx, where k is constant : 
further, ‘that this is merely another way of saying that i is 
directly proportional to « ; or again, that the ratio‘ Z is constant. 
ae 


Similarly, if y varies inversely as x, that is, if y varies as the 
reciprocal of x, 


then y=kx = k being constant. [Art. 278.] 


In like manner if y varies directly as «x, 
then yoke , 
this statement being equivalent to saying that y is proportional 
to the square of « And so on, 


We shall now shew by an example how these principles: may 
be applied. 


EXAMPLE. Given that the breaking-strain of a steel wire is pro- 
portional to the square of its circumference, and that a wire of curcum- 
ference 5inches can just support a weaght of 40 tons ; find (in tons) the 
breaking-strain of a wire 3mches in circumference. 


Let S denote the breaking-strain (in tons) and C the circumference | 
(in inches) of any steel wire. 

Then since S is. proportional to C?, and since S=40 when (os 5, 
we have S51 Cy : 
40 5? 
so that, when C=3, 


32 
S=5 x 40= 14:4. 
That is, the breaking-strain is 14°4 tons. 


Or the work may be arranged thus : 
Since S varies as C?, 
.. S=kC?, where & is constant. 
Now it is given that $=40, when C=5, 
oO ex ay, 
Or eae! 
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Thus S=1°6 x C2, 

for all corresponding values of S and C ; 

so that when C3, 


S=T6x3?= 14:4, 


284, Similar Figures and Solids. The following important 
cases of variation frequently occur in Arithmetic and Geometry. 

I. In a series of similar figures, that is, figures of the same 
shape, all corresponding dimensions or lines similarly drawn in 
the two figures are directly proportional. 


For example: If a, b, ¢ denote the sides and p an altitude of a 
certain triangle; while x, y,z denote the corresponding sides, and 
q the corresponding altitude of a similar triangle, 


then gabe’ 
Bongo Gg 


Or again: Since all circles are similar, the circumferences of circles 
are proportional to. their diameters. 


Hence, if C denotes the circumference and d the diameter of 
any circle, 


then the ratio C:d is constant, that is to say, Y has the same value 


d 
for all circles, so that 


C=dx (a constant). 


The constant in this case is a quantity always denoted in mathe- 


. matics by the symbol 7, the numerical value of which is 3°1416, 


correct to four decimal figures, or roughly 34. 


II. In a series of similar figures, the areas are proportional 


_to the squares of corresponding dimensions or lines similarly 


drawn in the two figures. 


For example: If A and L denote respectively the area of a county 
and the distance between two given points; while a and J denote its 


a 


area and the distance between the corresponding points as represented 
on a map, 


Pn? 
a € 
Or again: The areas of circles are proportional to the squares of their 
diameters. 


Hence, if A denotes’ the area, and d the diameter of any circle, 


then A=d? x(a constant). 


The constant in this case is ? or 0°7854 to four decimal places, 
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Ill. Ina series of similar solids, the volumes are proportional 
to the cubes of corresponding dimensions or lines similarly drawn 
in the two figures. 

Hence, if the solids are of the same substance, or have the 
sane specific gravity, their weights (being proportional to their 
volumes) will also be proportional to the cubes of corresponding 
climensions. 


For example: If two rectangular blocks are similar, that is, if 
their lengths, breadths, and heights are proportional, then their 
volumes are proportional to the cubes of their lengths (or to the 
cubes of their breadths or heights). 


Or again: Since all spheres are similar, the volumes of spheres are 
proportional to the cubes of their diameters. 


Hence, if V denotes the volume, and d the diameter of any sphere, 
then V=d* x (a@ constant). 


The constant in this case is a or 0°5236 to four decimal figures. 


EXAMPLES XVI. h. 


1, In a plan of a certain building-ground drawn to the scale of 
linch to 15 yards, the distance between two given points appears as 
2‘4inches. If the plan is enlarged to the scale of 1 inch to 8 yards, by 
what length should the given distance be represented ? » 


2. A plan of a rectangular court-yard is drawn to the scale whose 


representative fraction is ;+7. The length between two opposite » 


corners in the plan is 3°5 inches: what is the actual distance ? 


3. In two similar triangles the longest sides are 10 cm. and 25 cm. 
respectively. The area of the first triangle is 40 sq. cm.: find the area 
of the second. 


4, A circle, whose diameter is 10 cm., has a circumference approxi- 
mately of 31°4cm., and an area of 314sq.cm. In a circle whose 
diameter is 7cm. find (i) the circumference ; (ii) the area; to the 
nearest 10% of a centimetre and square centimetre respectively. 


9. In the plan of a field a hedge, 63 yards in length, is shewn by a 
line of 56 inches. The area of the field as represented on the plan is 
found to be 80sq.in. What is the actual area of the field in square 
yards ? 


6. The distance between Exeter and Barnstaple is 35 miles. Ona 
map of Devon this distance is represented by 2‘5in. The area on the 
map is found to be 13:2sq.in. Find the actual area of the county to 
the nearest square mile. 


7, Suppose a body falling from rest traverses s feet in the first 
¢ seconds. It has been found that s varies as @2. Given that the 
distance traversed in the first 3 seconds is 145 feet, find to the nearest 
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- foot the distance traversed in (i) the 1st second ; (ii) the first 4 seconds. 


And find the equation connecting s and ¢. 


8. Three cubes of lead have respectively edges measuring 1 in., 
2in., and 3in. The cube of middle size weighs 3°28 lbs. What do the 
others weigh ? 7 


9. The dimensions of a block of cast iron are 8 cm. long, by 6cm. 
wide, by 4cm. thick; and it weighs 1-4 Kg. The length of a similar 
block of the same metal is 12cm. Find its breadth, thickness and 
weight. 


- 10. A solid copper sphere of diameter 2 inches weighs 1°30 lbs. 


‘Find in lbs., to two significant digits, the weights of copper spheres 


whose diameters are 2°5 inches and 7:0 inches. 


(Miscellaneous. ) 


11. Three wheels carry teeth whose numbers are proportional to 
the diameters of the wheels; the diameters being respectively 12 cm., 
17cm., and 20cm. If the first wheel works into the second, and the 
second into the third, how many revolutions will the third wheel 
have made when the first has made 130? 


12. The volume of a given quantity of gas is inversely proportional to 
the pressure upon it. At mean atmospheric pressure, namely 14°7 lbs. 
per square inch, a certain quantity of air occupies 1 cubic foot. 
Express in cubic inches the volume of the same quantity of air at 
a pressure of 84 lbs. per square inch. 


13. One man works 8 hours a day, and is paid 28 shillings for a 
week of 6days; another works 9 hours a day, is paid 25 shillings for 
a week of 6 days, and takes 5 hours to do work the first man does 
in 4. Which is it more profitable to employ ? (C.S.) 


14. For paraffin oil of which 23 gallons will burn in a stove for 
100 hours, I am paying 9d.a gallon. Of another kind of oil of the 
same heating power I find 3 gallons will burn in the same stove for 
1355 hours. What would be a reasonable price to pay, for it, to the 
nearest penny per gallon ? (C.S. ) 


15. Two merchants A and B go into partnership. A puts in £2325 
and at the end of four months adds £375 to his capital; while B 
withdraws £300 at the end of seven months. If, on a fair division 
of the profits at the end of the year, A and B receive equal shares, 
find how much # put in at first. 


16. When a circular piece of a certain paper, of diameter 183 cm., 
is burnt, the weight of the ash is 0:00605 gram. Find the weight 
of the ash of a circular sheet of the same thickness and material 
whose diameter is 294 cm. 


If the weight of the latter is catalogued as 001355 gram; find by 
how much per cent. the calculated result differs from that given in 
the catalogue. The areas of circles vary as the squares of their 
diameters. (C.8.) 
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17. A certain gallon-jar is 5 inches high. Of what height must 
a jar of the same shape be made to hold a pint? [Vessels of the 
same shape have volumes proportional to the cubes of their linear 
dimensions. ] 


18. <A quantity y varies as x2, and when x=8, y=16. Find the 
equation between y and x. Tabulate values of y corresponding to 
the following values of x: 


0, 1, 2, 3, 4, 5, 6, 7, 
and use the results to shew the relation between y and x by a graph, 
using 0°4 of an inch as unit on each axis. 
‘ What would be the values of y if the above values of x were all 
negative? Plot the points so given, and extend your graph to pass 


through them. Read off from the graph the values of y, when 
x=5'd, —6°5. 


19. It has been proved by experiment that if S represents the 
breaking-strain (in tons) of a steel wire, and C its circumference 
(in inches), 
then S=C?x 16, 

From this equation find values of S when 

C=+", ae 3%, ies 1, 12”, 13”, ps 


“a 


and plot a graph shewing the relation of S to C between the given 
limits. 


20. The presswre of the wind varies as the square of its velocity ; 
and it has been found that if P denotes the pressure in pounds per 
square foot, and v the velocity in miles per hour, 


then P=0:0052?. 


Complete the table indicated below, and hence draw a graph 
comparing the pressure with the velocity of wind. 


Velocity in miles 20 


per hour 2 


10 }).15 25 | 30 


Bee of 


(i) the wind’s pressure for 18 miles an hour ; 


30 | 40 


Pressure in lbs. 
per sq. ft. 


Read off from the graph 


(ii) the wind’s velocity for a pressure of 4 Ibs, per sq. foot. 
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MISCELLANEOUS EXAMPLES. 


285. Exampre 1. If 6 men with 7 boys can complete a work in 
4 days, and 4 men with 12 boys can do the same work in 31 
long would the work take one man or one boy working alone ? 


f 6men with 7 boys do + of the work in 1 day, 


5 
3 days, how 


7 es Aes 1 pa eal ee be Pate 
i rect EO ae Fett eae 1 
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fe by subtraction, 22 boys do 32-4, or +% of the work in 1 day, 


that is, 1 boy does s'z of the work in 1 day. 


Hence one boy would take 84 days working alone, and it easily 
follows that one man would take 36 days. 


EXAMPLE 2. A man, rowing on a river, Jinds that after he has rowed 
down-stream for 2 hours and then drifted with the stream for 1 hour, he 
1s 16 miles from his starting pomt. The next day he rows up-stream for 
6 hours, drifts down-stream for 2 hours, and then finds himself 14 miles 


Jrom his starting point. Find the rate of the stream, and the rate of 
rowing in still water. ; 


Let the boat’s rate in still water be denoted by a mi. per hr. 


and let the rate of the stream .................. Uprieinaay ok ts +. 
Then against the stream the boat goes (x —y) mi. per hr., 
CHC Witte pe (2026 9/)"y eee eae 


On the first day he rows 2(7+y) miles and drifts y miles further ; 
. 2(x+y)+y=16, : 
or 2S = LG aa TO ok (i) 


On the second day he rows 6(a—y) miles and drifts 2y miles in the 
_ opposite direction. 


. 6(%-y)-2y=14; 
or Ot = 87 = 14 Na Me... (11) 


From the equations (i) and (11) we have to find the values of 2 and y. 
Multiplying (i) by 3, we have 


6x + 9y = 48. 

.And from (ii), 6x - 8y=14. 

By subtraction, l7y = 34; 
a) G4 

Substituting in (i), 2++6=16; 
capi ee 


Thus the rate of stream is 2 mi. per hour, and the rate of rowing in 
still water is 5 mi. per hour. 
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MISCELLANEOUS EXAMPLES IV. 


EXERCISES FOR REVISION. 


A. 
1. Simplify 
(i) I Sa ua oP Hoge (i) Sz— ly 3:2-2°88° 
AE Eee aa Se 42+6;5, 0°97+0°83 


2. Find the sum of 
2 of £17. 16s. 3d., 5283 farthings, and £21°875. 


3. Which goes the faster, a train travelling.at 40 miles an hour, o1 
a turbine steamer travelling at 33 knots? A knot is a speed of 608( 
feet per hour. (C.8.. 


4, Assuming that the difference between the length of a rod of iror 


in summer and its length in winter is ogg Of its length in winter, 
find the total expansion from winter to summer of a bar equal in length 


to the Forth Bridge (3 of a mile). (C.S.. 


5, A square courtyard, 35 feet in the side, has to be paved with 
square tiles 8 inches in the side. How many tiles will be used, and 
what space will be left uncovered at the edges, if the tiles cannot be 
divided ? (C8. } 


6. Resolve 999999 into its prime factors. 


B. 


7, Find, to the nearest penny, the value of 20 tons 9 ewt. 3 qrs. of 
coke at 18s. 3d. per ton. 


8. Simplify le (fst 5) toa eee 


9, A mixture consists of 15 parts of coffee, purchased at £4. 4s. 
per cwt., and 1 part of chicory, purchased at £1. 16s. per cwt. It is 
sold at ls. 4d. per lb.; what profit, to the nearest penny, would be 
made on the sale of 2cwt. 24 lbs. ? 


10. If £1 can be exchanged for 25 fr. 20 c. find to the nearest franc 
the equivalent of £15. 10s. 


11. The population of the United Kingdom was 41,609,000 in 1901, 
and the national income derived from taxes on the sale of intoxicants 
was £31,428,000. Calculate (to the nearest penny) the average amount 
contributed per-head in this way. (C.8.) 


12. The return railway ticket from a suburb to London costs 2s. 2d., 
and the annual ticket £12. 5s. 0d. How many days in the year must a 
man travel to save money by taking an annual ticket instead of paying 
for each day ? (C.8.) 
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13. How many quarters are there in 13 per cent. of 3 tons 15 cwt. ? 


14, Calculate the value of fee ie to five places of decimals. 


15. A rectangular field is 330 yards in length and 188 yards in 
breadth ; find the area of the field to the nearest acre; and the money 
which would be obtained by selling half the field for £17. 4s. 6d. an 
acre, and the other half for £21. 15s. 6d. an acre. 


. 


16. Express 2 ac. 2 r. 7:12 p. as the decimal of 34 acres. 


17. Assuming 1 ton=1016-05 kilograms, express 16 tons 5cwt. in 
kilograms correct to the nearest unit. 


18. A runs 28 yards in 3 secs. ; Bruns 46 yards in 5 secs. If they 


start to run together, how far will _A have run when & is left 10 yards 
behind ? 


Dy 


19. A cubic foot of water weighs 62:3 lbs., and 41 cubic feet of 


teak weigh a ton. Is teak heavier or lighter than water, bulk for 
bulk? ~ 


20. What is the valye of 0°628125 of a ton of metal at £63. 13s. 4d. 
a ton? 


21. There are three numbers. The H.C.F. of each pair is 17, and 
the L.C.M. of all three is 29,172. What is the product of the numbers? 


22. Two boxes of eggs, each containing 500, are bought for 
£2. 12s. 1d.; if the eggs in one box cost 5d. per score more than the 
others, what is the price per score of each lot? 


23. If 5 cwts. 3 qrs. 20 lbs. of tea cost £44. 5s. 4d., what is the 
value of 2 cwt. 16 lbs. ? 


24. A owes £125 to B, B owes £90 to C, and C owes £67 to A, and 
the accounts between them are to be settled by cheques given by A to 
each of the others ; for what amounts must the cheques be drawn ? 


EK. 


25, A man buys 3 acres 3 roods 15 poles of land at £440 an acre, 
and builds houses on it costing £3808. 15s. in all. What was his 
total expenditure ? 


26. If 4 men with 9 boys can do a piece of work in 1 days, and 
3 men with 6 boys can do the same work in 12 days, how long would 
one boy or one man working alone take to do the work ? 


So ARITHMETIC. 


97, Find the value ot 
31'2131 + 3'20% — 20°53 — 13°6322, 
and express the result in thousandths and the fraction of a thousandth. 


28. In 1900-1901 the national expenditure was £183,592,264. Of 
this the Army cost £91,710,000, the Navy £29,520,000, and the Civi! 
Services £23,500,000. Express each of these as a percentage of the 
whole, to the nearest integer. [See Ex. 3, p. 210.] (C.S8.. 


99, If a three-mile race is won in 35 min. 33 secs., and the winnet 
beats the second man by 66 yards, shew that the second man’s pace is 
exactly 5 miles an hour. 


30. An excursion train, consisting only of first and third-class 
carriages, conveys 1575 passengers from London to Portsmouth. The 
fare for a first-class ticket is ls. 6d. more than for a third-class ticket, 
and 325 of the passengers travel first class. If the total amount received 
in fares is £300, what is the fare for each class? 


FE. 
31. Find in simplest form the value of 
513 2 eu eae 
Owmege ts 3 (C) 7s 
“Et27_ 377 (3 of y's) + (Gea) 


32. A light was seen at intervals of 13 seconds. It was seen 
the first time at l hr. 54min. 50 secs. a.m., and the. last time at 
3 hrs. 17 min. 49 secs. a.m. How many times was the light seen? 


33. The wages of 8 men and 4 boys amount to £15, and the wages 
of 5 men and 38 boys to £9. 15s. per week. Find the daily wages of a 
man and boy. 


34, Find the total cost of the following articles: 12 yds. of muslin 
at 55d. per yd.; 9 yds. of flannel at 1s. 113d. per yd.; 3 pairs of gloves 
at 2s. 11}d. per pair; 4 pairs of stockings at 2s. 8d. per pair; 8 hand- 
kerchiefs at 16s. per dozen. . 

[Each separate charge should be correct to the nearest farthing. ] 


35, <A landlord’s net rental after paying income tax at the rate of 
ls. in the £ is £7101. 14s. 6d. Find his gross rental. 


36. If 480 ounces Troy of standard gold can be coined into 1869 
sovereigns, the proportion of pure gold to alloy in standard gold being 
22 to 2, find to the nearest grain the weight of pure gold in a sovereign. 
[1 oz. Troy =480 grains. ] 
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G. 


37. Find all the prime factors of 11781 and 12376, and hence find 
their H.C.F. 


38. In 1906 there were 6,897,000 bushels of barley produced from 
187,000 acres of Irish land. Taking the bushel of barley to weigh 
56 lbs., what was the produce in ounces per square yard, correct to 
one-tenth of an ounce ? 


39. Assuming that a metre=39°37 inches, and that £1 is worth 
25 fr. 40c., find the price in francs and centimes per metre equivalent 
to,3s. lld. per yard. 


40. Find the value to the nearest penny of 
£1. 7s. 1d. +1°07+£1. 13s. 9d. x 0°58 — 1°439 of 19s. 3d. 


41, Standard gold consists of 11 parts by weight of pure gold and 
1 part of copper. If a sovereign contains 113 grains of pure gold, find 
how many will weigh 1 lb. avoirdupois. 


42. <A contractor undertakes to dig a canal 4 miles long in 2 years. 
He employs 1000 men, but finds at the end of a year that only 2980 
yards have been completed. How many more men at least must he 
employ in order to fulfil his contract ? 


H. 


43, Given that 31 lbs. are roughly equivalent to 14 kilograms, draw 
a graph from which any number of pounds up to 40 may be read off in 
kilograms, to the same degree of approximation. Express 22 lbs. and 
17°5 lbs. in kilograms ; and 5 Kg. and 17 Kg. in pounds. 


44, A bankrupt owes £315. 5s. to A, £255. 10s. to B, and £175 to GC. 
His assets are £410. 3s. 3d.: what should each creditor receive ? 


45, The members of a musical society have the option of paying 
either 5s. each time they attend a concert ; or, an annual subscription 
_ of one guinea and 2s. 6d. each time they attend a concert. How many 
concerts must the latter class of members attend, during a year, before 
they gain any advantage over the former class ? (C.8.) 


46. The number of spectators at a football match was 15,568, the 
sum of sixpence was charged for admission, and 1245 of the persofis 
admitted paid, in addition, one shilling each for grand-stand tickets. 
The total receipts were £423. 7s.6d. How many persons were admitted 
without payment ? i SASS) 


47, What is the rent of a field containing 71 ac. 1r.15p. at 
£2. 128. 6d. an acre? (Give your answer to the nearest penny. (C.S.) 


48, <A certain field can be reaped by 7 men in a given time, and 
5 boys can do as much work as 2men. Find how many boys would be 
required in addition to 30 men for the reaping of a field of twice the 
size in a third part of the time. 
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49, What is the internal area in square inches of the cross-sectior 
of a pipe which holds 3 cubic feet in 8 yards of its length? (C.8., 


00, If lcwt. of coffee costs £9. 12s., draw a graph to give the price 
of any number of pounds. Read off the price (to the nearest penny) ot 
13 lbs., 21 lbs., 23 Ibs. 


51. If 3 men or 7 women can do a piece of work in 32 days, how 
long will 7 men and 5 women require to do a piece of work twice as 
great? 

52, A person who buys tea at 1s. 105d. per pound, subsequently 


finds that the pound weight used was an ounce short in weight. What 
was the real price of the tea per pound ? 


53. A person on the platform of a station which is 132 yards long, 
notices that a train, which takes 3 seconds to pass him, occupies 
75 seconds in passing completely through the station. What is the 
speed of the train, in miles per hour ? 


54, A rectangular carpet, 21 ft. 6 in. long and 16 ft. 103 in. wide, is 
put down in a room, leaving a space 16 in. wide along each side, and 
24 in. wide along each end, unoccupied. If the carpet costs ds. 4d. per 
square yard, and the remaining space is covered with inlaid woodwork, 
costing 8d. per square foot, find the whole cost. 


J. 
55, Read off as complete decimals 


4°735, 12°34, Gia ee 7°8t 
and find their sum. 


56. Simplify 


ul BiB 2 5 12 
(i) a (Fx) ; (ii) Doig) Tao 

ena 2 id 1 T ae 

Bg tee 1277 - 5g x 27-35 


07. Find in square yards and square feet the area of a path 4 ft. 
wide surrounding a lawn 24 yds. 2 ft. by 22 yds. 1 ft. ) 


58. A can do as much work in 2 days as C in 3 days, and B in 
5 days as much work as © in 4 days: what time would B require to 
do a work which A can finish in 12 “weeks? . 


59. Draw a graph from which the equivalent of a pressure given in 
pounds per square inch may be read off in kilograms per square centi- 


metre, given that 27 lbs. per sq. in. is approximately equivalent to 
190 Kg. per sq. em. 


Read off the equivalents of 30 Ibs. and 57 Ibs. per sq. in, 

Express 2°55 Kg. per sq. em. in lbs. per sq. in. 

60. What will be charged for carrying 23 tons for 461 miles, if the 
carriage of 1 ewt. 3 qrs. 21 Ibs. for 52+ miles amounts to 17s. 5d. ? 


; 
s 
; 
> 
: 
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61. Find the cost of 22 ewt. 3 qrs. 21 lbs. at £12. 16s. 8d. per ewt. 

62, Find the simplest value of 
105-6244) 
104 -(24-4.)-7 


1 , 
6+). 
Si) pas 1+¢% 


63. Use a contracted method to find the square root, correct to 


6 decimal places, of 44100°015241579. 


64. A man can row 27 miles up-stream from A to B in 9 hours, 
and down-stream from B to A in 3 hours. Find (i) the rate of the 
stream, (ii) how long it would take the man to row from A to B if 
there was no stream. 


65. Assuming that a litre =0-2201 gallon, find to the nearest litre 
the quantity of water wasted in an hour by a cistern which leaks at the 


rate of 1 pints per minute. 


66. A man is timed to skate over a course supposed to be a mile 
long in 3 min. 254 sec., but it is found on measurement that the course 
is 50 yards short. Calculate his time for a true mile at the same rate 


of speed. - 


L. 


67. A housekeeper takes three half-pints of milk each week-day and 
one pint on Sunday, and her bill for the week comes to Is. 53d. What 
is the price of milk per quart? 


68. Calculate to the nearest penny the sum to be paid to a creditor 
whose debt is £183. 13s. 10d. when his debtor pays 14s. 74d. in the £. 


69. A proposed railway is to have an average width (including 
embankments) of 80ft. How much per mile must the company pay 
for land at the rate of £165 per acre? 


70. On a certain map a road 1320 yds. long is represented by a 


length of 183 inches. Determine the scale of the map. What area on 


the map would represent an area of ro sq. mile? (0.8. ) 


71. Shew, without unnecessary work, that the following statements 


cannot be correct : 
(1) 3°984 x 0'872=3°752, 
(ii) 3°984+0°872=3°652, 
(iii) /0°324=0:18. 
72. During the last 4 months of a year a man’s average daily 
expenditure was 3s.91d. If his average was 4s. 5d. in September, 


38. 4d. in October, and 2s. 7d. in November, what was his average 
daily expenditure in December, to the nearest penny ? 


if 
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73. A rectangular allotment ground is 24 chains 25 links long by 
16 chains 80 links broad. Find, to the nearest penny, its rent at 
£5. 15s. 6d. per acre. 


74, If 9 men or 16 boys can hoe a field of 16 acres in 7 days of 
10 hours each, in how many days of 9 hours each will 13 men and 
15 boys hoe a field of 49 acres ? 


75. Divide £523. 10s. among three persons, A, B, and C, so that A 
may get one-third of what B receives, and C may receive as much as 
A and B together. 


76. A railway train, 73 metres in length, is travelling at the rate of 
60 kilometres an hour on the up line, and another train, 102 metres in 
length, is travelling in the opposite direction, on the down line, at the 
rate of 40 kilometres an hour; find the time occupied by the trains in 
passing each other. 

If the trains were travelling on parallel lines in the same direction, 
what would be the time occupied by the faster train in passing the 
slower ? : ee 68 


v7, A beam, having a square section, is 9 ft. long, and weighs 
34 ewt. A cubic foot of the substance of the beam weighs 32 lbs. 
What is the thickness of the beam ? (C.8.) 


78. A basket of 65 oranges is bought for 4s. 2d. Draw a graph to 
shew the price for any other number. How many could be bought for 
3s. 4d.? Hind the price (to the nearest penny) which must be paid for 
36 and for 78 oranges respectively. 


N. 


79. If a cubic foot of water weighs 62426 Ibs., and a linear foot is 
equal to 30°48 centimetres, find the number of pounds in a kilogram, 
correct to the nearest tenth. 


80. A block of glass measures, in inches, 5:5 by on by lz. The 
material weighs 1°6 ounces per cubic inch. Find the weight of the 
block to the nearest ounce. . 

Suggest a simple method of testing whether your result contains a 
serious error. (C.S.) 


81. A man rows a certain distance down-stream in 5 hours, and the 
same distance up-stream in 7 hours. If he can row 8 miles an hour in 
still water, what is the rate of the stream ? 


82. A certain length of pathway has to be constructed ; it is found 
that three men can construct one-fifth all but one mile in two days, 
whilst 18 men can construct one mile more than two-fifths in one day. 
What is the length of the path ? (C.S.) 
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83. A train overtakes two persons who are walking 2 miles and 
4 miles an hour respectively, and completely passes them respectively 
in 9seconds and 10 seconds: what is the length of the train and its 
speed in miles per hour? (C.S.) 


~ 84, Justify the following graphical construction for finding approxi- 
» mately 1:414 of any number up to 10. Join the origin to a point P 
whose coordinates are 10 and 14:14 (or 5 and 7-07), taking 1 inch as 
unit ; then the ordinate of any point on OP is 1-414 times the corre- 
sponding abscissa. Read off from the diagram as correctly as possible 


to two places of decimals, 1°414 x2, 1-414 x 3°5, 1°414x 86, ai OS. 


O. 


85. A boy is required to multiply £13. 3s. 7d. by 105. He multiplies 
by the factors 3, 5, 7 in order. In this way he gets three products. 
Explain how many times £13. 3s. 7d. the sum of these three products 
will be? Using addition and subtraction only, shew how to find 
£13. 3s. 7d. x 93 from the products in the boy’s sum. 


86. The bottom of a rectangular tank measures 24 ft. by 15 ft. 
Find the alepth to which it will be filled when it contains 9000 gallons 
of water: Assume that a gallon weighs 10 1bs., and that a cubic foot 
of water weighs 1000 oz. 


87. A garrison of 200 men has provisions sufficient for 24 weeks ; 
at the end of the first week a reinforcement of 80 men arrives, and 
the rations per day of each man are then reduced from 18 oz. to 15 oz. ; 
for how many days longer can they hold out? 


88. A man, by fraudulently using as a pound-weight one short by 
half-an-ounce, raises the price of tea by lid. a Ib. What is the price 
of the tea per lb. ? 


89. The average height of 4 men is 1 m.72cm.; the heights of three 
of them are 1m. 80cm., 1m. 65 em., and 1m. 58 cm. respectively: what 
is the height of the fourth ? 


If each of these measurements is only correct to the nearest centi- 
metre, between what limits must the height of the fourth man lie ? 
90. The area of a circular ring is given by the formula 
(D? — d?) x 0°7854, 
_where D and d are the external and internal diameters respectively, 


(i) Find, to the nearest tenth of a square foot, the area of a path 
_ 1-4 ft. wide round a circular flower-bed 8°6 ft. in diameter. 


(ii) Find the weight, to the nearest gram, of a circular ring of metal 


cut from a plate weighing 6°7 grams per square centimetre, the external 
and internal diameters of the ring being 7°3cm. and 4°7 cm. 


AR. H.S. DA 
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91, After 12 innings a cricketer’s average is 24; what must be the 
average of the remaining 3 innings of the season that his average for 
the whole season may still be double the number of his innings ? 


92. Work, as clearly as possible, by the shortest method you can 
think of, the following : 


(i) Find the cost of 87 yards of silk at "8. Id. a yard, together 
with double that number of yards of ribbon at Is. 25d. a 
yard. 


(ii) Find the cost of 8250 bricks at 10s. 6d. a thousand. 
(iii) Evaluate 4955 of half a mile. 


93. Achest whose external length, breadth, and height are 5 ft. 9 in., 
4ft.3in., and 3ft.3in. respectively, is made of deal 1} in. thick. 
Find the cost of lining the sides and bottom with thin metal at 8d. 
per square foot. 


94. On a certain map an area of 12535 sq. mi. 2904 sq. yds. is 
represented by a rectangle 3°5in. by 7'4in. On what scale is the map 
drawn ? 


95, If aman rows 21 miles in 34 hours against a stream the rate of 
which is 2 miles an hour, how long would he be in rowing 20 miles 
with the stream ? 


96. By measuring time along OX (1 inch for 1 hour), and distance 
along OY (1 inch for 10 miles) shew that a line may be drawn from O 
through the points (1, 8), (2, 16), (3, 24), ... to indicate distance 
travelled towards Y in a specified time at 8 miles an hour. 


A starts from London at noon at 8 miles an hour ; two hours later 
B starts, riding at 10 miles an hour. Find graphically at what time 
and at what distance from London B overtakes A. At what times will 
A and B be Smiles apart? If C rides after B, starting at 3 p.m. at 
15 miles an hour, ‘find from the graphs 


(i) the distances between A, B, and C at 5 p.m. ; 
(ii) the time when C is 8 miles behind B. 


CHAPTER XVII. 
PERCENTAGES. 


286. We have already seen [Chap. v1. Art. 138] that a per- 
centage is a ratio or fraction expressed with 100 as its second term, 
the first term or numerator of the fraction being the rate per cent. 


For example: 747 is a percentage, denoting 7 out of one hundred, 
or 7 per cent.: this is written 7 p.c. or 7 %, 7 being the rate per cent. 


Thus a percentage of a quantity is a fraction of it expressed in 
hundredths. 


287. We have also shewn [Arts. 138, 206, 207] 
(ij) how to express any fraction or ratio as a percentage ; 
(11) how to find a percentage of any given quantity. 
It is convenient to repeat these two processes. 


EXAMPLE 1. Express (i) qe Us a percentage ; 
(ii) 735 per cent. as a fraction. 


(i) Let « denote the rate per cent.; 


Ser oe 
then TOO 16 1 
“w= x 100=438. 


Thus the fraction 7% is equivalent to 43% per cent. 


dg 20) me Th 
j Tah 3 = 8 = 7 
(11) 73, per cent. = 100 ~ 100x315 
EXAMPLE 2. Vind, to the nearest penny : 


(i) 32% of £846; (ii) 52 Y% of £786. 11s. 4d. 


31 £ 
(i) 3 % of £846 = £846 x 100 tia 
= £846 x 31 7 pe 
f se 


= £27. 9s. 11d. to the nearest Pen 
penny. 
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(i) 52% of £786. Lis. 4d. =£786°567 x78 


= £7°86567 x 52. 


Multiply by 6, and deduct $ of 
rt the multiplicand, arranging the 
work so as to give a result true 


less ; ; 
to the third decimal figure. 


46°211 =£46. 4s. 3d. 


Notre. Ina few special cases it may be convenient to work out the 
result fractionally ; but the decimal process here given is generally to 


be preferred. 


288. Commission is a fee paid to an agent for buying or 
selling property, or for conducting any other business on behalf of 
another person. Commission is calculated as a percentage on the 
money spent or received by the agent for his employer. 


Money paid to effect insurance of property is called a premium : 
it is calculated as a percentage on the sum payable in case of loss. 


EXAMPLES XVII. a. 


1. Find correct to three significant figures the percentages equiva- 
lent to the following fractions : 
5 


Gi) 2; @i) ass Gi) 5 (iv) ats) (Y) Ts. 
9. Find the fractions equivalent to 
(i) 83%5 Gi) 75%; (iii) 125 %s (iv) 833%. 

How much per cent. is 

3. £3. 10s. of £25? 4, £17. 5s. of £60? 

5... 3s. 9d: of bss? 6. 22 yards of 1 mile? 

Find the values of 

7. 47 of £35, Bote 7, Ol SIG 9. 7% of £225. 
10. 45% of £920. 11. 35 % of £1175. 12, 54% of 2264 fr. 
How much per cent. is 

13. 3s. 4¢d. of 16s. 10d. ? 14. 4tons Scwts. of 274 tons? 
15. 6°60 fr. of 82°50 fr. ? 16. 527 grams of 12°4 Kg. 
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Express decimally, correct to three significant figures : 
17, £38 as a percentage of £271. 


U2 cote £946. 

UP A) SG Sa £85. 14s. 

BOP sient 206.4). 80.2 adhe 98 fr. 60¢. 

MEM i cis cab nus seen tee £5. 18s. 6d. 

Working in decimals find to the nearest penny the value of 
eae eae, OL £573. Zaiet 4.01 £1129. 

94. 35% of £844. 25. 44% of £58. 16s. 

26. 4% of £150. 13s. 6d. 97. 5z% of £804. 83s. 


28. Find to the nearest penny the commission on 
(1) £302. 14s. 7d. at 3 percent. ; 
(ii) £1572. 11s. 10d. at 5y per cent. 


29, An agent charges 34 % commission for collecting rents. If the 
rents amount to £375, how much commission should be paid ? 


30. A yard measure is too long by one quarter of an inch: estimate 
the error as a percentage of the proper length. [Answer to two 
significant figures. ] 


31. A field-force of 7500 men is reduced by sickness and casualties 
to 6359. Estimate the loss per cent. to three significant figures. 


32. In 1890 the population of a town was 4680; in 1900 it had 
risen to 4948. Find the absolute increase, and the increase per cent. 
reckoned on the population of 1890. [Answer to two significant 
figures. | 


289. The following general methods should be carefully noted. 
(i) To a given quantity P add 7 per cent. of itself ; 
(ii) From a given quantity P take 7 per cent. of itself ; 


each operation being performed in one step. 


(i) If to 100 we add 7 p.c. of 100 we get 100+7 or 107 : 
. the required sum is greater than P in the ratio 107: 100 ; 


Geta pay we 107 
that is, required sum=P x ToD" 


(ii) If from 100 we take 7 p.c. of 100 we get 100—7 or 98; 
. the required difference is less than P in the ratio 93 : 100 ; 


Pesci’ va 93 
that is, required difference =P x =2%.. 
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Conversely: (i) What quantity +7 p.c. of itself gives Q? 
(ii) What quantity —7 p.c. of itself gives Q ? 

(i) Here the required quantity, on which the percentage 7s taken, 
corresponds to 100 ; and the given total corresponds to 107. 


.. the required quanti is less than Q in the ratio of 100: 107 ; 
that is, required quantity =Q x +99. 
(ii) Similarly, required quantity =Q x -93-. 


Norr. In such cases the multipliers +07, {2% are usually best 
treated as decimals; while the reciprocal multipliers +22, 42° are 


often best treated as fractions. 


EXAMPLE. Five per cent. of the inhabitants of a town having died of 
fever, a panic set in, during which 15 per cent. of the remaining w- 
habitants left the town. If the population was then reduced to 3553, 
what was it originally ? 


Out of every 100 persons before the panic 85 are finally left ; 


. before the panic, the population = 3553 x 4.2.9. 


Again, out of every 100 persons before the fever 95 se : 


. the original population = 3553 x 42.9 x 10° 


= 4400. 


290. In questions dealing with statistics, where large numbers 
are involved, approximate methods should be used, as shewn in 
the following example. 


ExamMeLe. The population of Ireland was returned as 4,704,750 at 
the census of 1891, and as 4,458,775 in 1901. Find, to three significant 
Jigures, the percentage decrease. 


The decrease was 245,975 out of a total of 4,704,750. 


Let x be the rate per cent. of decrease ; 


‘ian Sate 245,975 
100 4,704,750 Here it is only necessary 
re 245,975 ele to pag 4 significant digits 
= 4704,800" y. in the divisor. 3 
_ 245,975 4°7 05 | 24°598 
~ 47,048 1 073 
__ 24°598 Adan 132 
a7060 ee 
=) Yo: 


Thus the decrease is 5°23 per cent. 


« 
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EXAMPLES XVII. b. 


1, What is a man’s income if, after losing 225 p.c. of it, he has 
£186 left ? ' 


2. The population of a district has decreased by 16 p.c.; if it was 
originally 15,800, what is it now ? 


3. The population of a town which is now 62,130 is known to have 
increased by 9 p.c. since the last census: what was the population at 
the last census ? 


' 


4, Anarmy of 145,600 loses 123 p.c. of its number through disease, 
and 15 p.c. of the remainder in battle: how many are left? 


5. A tradesman makes a reduction of 10 p.c. from the prices 
marked: what will he receive for an article marked Qs. 2d. ? 


6. Goods are being sold at a reduction of 20 p.c. below the marked 
price : what should be the marked price of an article sold for 11s. 8d. ? 


7. A general having lost two-sevenths of his men in battle, and 
6 p.c. of the remainder by sickness, has 95,880 men left : how many 
had he: at first ? . 


8. : For what sum ‘should goods worth £532 be insured at 5 p.c. so 
that in case of loss the owner may recover the premium as well as 
the value of the goods. 

[Out of every £100 insured, £5 represents premium. Thus the value 
of the goods is 95 p.c. of the sum to be insured. ] 


9, For what sum should a cargo worth £7400 be insured at 1s p.c. 
so that in case of loss both cargo and premium may be recovered ? 


10. A firm adds to its reserve fund in such a way that at the end of 


each year the fund is increased by 12 p.c. of its amount at the beginning 


of the year. If the fund now stands at £15,758. 8s., what was it two 
years ago? 


11, Of two routes leading from A to B one is longer than the other 


by 5yp.c. of itself. The longer route is 182°460 Km.; what is the 
length of the shorter to the nearest metre ? 


12. One year the revenue of a country was £4,780,320; the next 
year it was £4,957,600. Find the increase per cent. correct to three 
significant figures. 


13. A man embarks his whole capital in four successive ventures ; 
in the first he clears 100 p.c., and in each of the others he loses: 20 p.c. 
Shew that he has gained 2:4 p.c. on his original capital. 


14, Ina certain year the total revenue was £144,000,000, and the 
tax on tea produced £5,790,000. What per cent. of the whole revenue, 
to the nearest whole number, was produced by the tea tax? (C.8.) 
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- 15. In Greece in 1893 there were 5,563,100 acres of agricultural 
land, and of this t 
Olives occupied 432,000 acres yielding 15,000,000 lbs. 
Currants ,, 168,000 acres as 350,000,000 Ibs. 
Figs a 52,000 acres 34 60,000,000 lbs. 
What was the yield of each per acre, and what percentage of the 


whole agricultural land was occupied by each? Give the answers 
correct to the nearest whole number. (C.8.) 


16. Our imports for the year 1900 were as shewn below. Find, to 
the nearest integer, what percentage of the total imports came from 
each of the sources named : 


British possessions, — - - - - £109,530,635 

United States of America, - - : 138,789,261 

France, - - - - - - 53,618,656 
Other countries, - pags 1h 221,136,611 _(0.8.) 


17. The relation between the revenue and expenditure on the 
Baltimore and Ohio Railway for three years was as follows: 


1868. , 1869. 1870. 
Karnings, - $7,558,644 $8,724,915 $8,427,728 | 
Expenses, - $5,054,448 $5,756,106 $5,453,460 | 


Express the expenses as a percentage of the earnings for each year, 
and also for the whole period of three years; giving each percentage 
to the nearest integer. (C.S.) 


18. ‘The population of. England and Wales was 29,002,525 in 1891, 
and 32,577,843 in 1901; that of Scotland was 4,025,647 in 1891, and 
4,472,103 in 1901. Find which population was increasing at the greater 
proportional rate during 1891-1901. (C.8.) 


19. The following table shews for the year 1903 the estimated 
population and the number of children attending primary schools in 
England and Wales, Scotland, and Ireland respectively. Find in each 
of the three cases the number of children as a percentage of the 


estimated population to the nearest whole number. (C.S.) 
(gee ees Scotland, Ireland. 
Estimated population, - | 33,378,000 4,579,000 4,414,000 


Number of children attend- 
ing primary schools, - 5,037,000 669,000 | 482,000 


eee ll Oe. ea 
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Profit and Loss. 


291. When goods are bought for one sum of money and sold 
for another there is a profit or loss according as the selling price 
is greater or less than the cost price. But in dealing with the 
results of different business transactions the calculation of actual 
gains or losses does not furnish any useful basis for comparison. 


Consider the purchase and sale of two articles as follows : 

(i) Cost price £12 ; selling price £16. 

(ii) Cost price £20; selling price £24. 

Here the actual. profit is £4 in each case, but relatively to the 
original outlay, the profit is $ in the first case, and + in the second. 
If we express these fractions as percentages we see that 


in the first case the profit is $ x 100, or 333 per cent., 
» second ,, a + x 100, or 20 per cent. 


It will be noticed that the profit per cent. has been calculated 
with reference to the cost price, and, unless otherwise stated, profit 
and loss per cent. are always to be understood in this sense. 


In what follows we shall often find it convenient to abbreviate 
the terms ‘cost price’ and ‘selling price’ by the letters C.P. and 
S.P. respectively. 


EXAMPLE 1. JLstimate the gain or loss per cent. when 


(i) A horse bought for £30 is sold for £28. 10s. 


(11) Articles bought at £30. 10s. per score are sold at £22. 2s. 6d. per 
dozen. , 
(i) Here the actual loss on £30 is £1. 10s. 
1} 
. loss per cent. =;~ x 100=5. 


3 
bape , 20 
(ii) The selling price per score = £22°125 x ro 
= £36'875. 
Hence S.P. = £36:875 ; C.P. = £30°5. 
* 


, . actual gain = £6'375. 


‘ 


; 6375 ea, 
*, gain per cent. adh x 100 | 3°05 | 63°75 
Seite O75 
63°75 vf 

3-05 | 


=20°9, correct to one decimal fig. 
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ExameLe 2. An article which cost £130 was sold at a profit of 
74 per cent. ; what was the selling price ? 


First Method. Second Method. 
S.P. =P 72 7 of OP. Here we add the actual gain to the 
=1071 % of C.P. cost price. jee 
1074 130 
ge ea a 65 =5% y\nbY 
= £139. 15s. 8°20 =25 


139°75=£189. 15s. 


The second method see only be used in the simpler cases of 
finding selling price. 


Example 3. By selling a Loud Jor £55. 4s. I lose 8 per cent. ; what 
did the picture cost me ? 


Here .C.P.—8°% of C:P: = are 


that 1s, 100 of CPs ee 
100 
, ba 1, 140 
. C.P,=£55= x 99 
276, 100 
54 ae 
= £60; 


Notre. Tle percentage loss is 8 p.c. of the cost price; hence the actual 
loss cannot be found until the cost price is found. For this reason 
there is no solution analogous to the second method of Ex. 2. 


EXAMPLES XVII. c. 


Find the profit or loss per cent. when 
1. Goods costing £30 are sold for £36. 


) AMR ey Boats nL 8s, fea Seen £3. 4s. 

3. An article which cost ls. 8d. is sold for ls. 6d. 

LRN AL ana a on) ae ee £2 ak Veen £2. 5s. 

5, Pictures costing 5s. 6d. each are sold at £6. 12s. per score: what 
is the gain or loss per cent. ? ¢ 


Find the selling price in the following cases : 
6. Cost price £5; profit 20 P. C. 
7. Cost price 6s. 8d. ; loss 7 15 p.c. 
8. Cost price 62 fr. 50c.; profit 8 p.c. 
9. Cost price £11. 5s. ; ae 7p.c. 
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10. How much per cent. is gained by buying a book-case for 15s. 8d. 
and selling it for 19s. 7d. ? 


11. If I lose 18s. in selling a picture for £3. 2s. , what is my loss 
_ per cent. ? 


12. A horse which cost £75 was sold at a loss of 4 per cent.; what 
did it sell for? 


13. At what price must an article which cost 8s.4d. be sold so 
as to gain 14 per cent. ? 


, 14. If 124 per cent. is lost by selling a book for 3s. 6d., what was 
the cost price? 


15, Find, correct to one decimal place, the rate per cent. of gain 
or loss, when 


(i) Goods costing £40 are sold for £43. 7s. 1d. 
ee eves eee os L265. Lise, ene £22. 48. Td. 
Thy a oe £77. 49: 80 eee £86. 17s. Sad. 


16. What is the gain or loss per cent. on groceries retailed at 
52d. per lb, and costing £2. 7s. 11d. per ewt.? 


17, “A woman bought eggs at 1s. 3d. per dozen; at what price per 
hundred must she sell them so as to gain 12 per cent. ? 


18. If 1301bs. of sugar are sold for £1. 17s. 44d., what is the gain 
or loss per cent. if the cost price was 3d. per lb. ? | 


19. Knives are bought at 11 for 10s. and sold at 10 for 11s. What 
is the gain per cent. ? 


20. If eggs are bought at 5 for 3d. and sold at 25 for 1s. 6d., what 
is the gain or loss per cent. ? 


91, If8 p.c. is lost by selling an article for 7s. 8d., what did it cost? 


22, What was the cost price of an umbrella which was sold for 15s. 
at a gain of 20 p.c.? 


23. By selling goods for £17. 4s. a profit of 74 p.c. is made; find 
the cost price. 


24, If 10 p.c.was lost by selling a picture for £65. 5s., what did 
it cost? . 


25. A dr&per sells 150 yards of cloth at 8s. 9d. per yard, gaining 
thereby 25 p.c. What did he pay for the whole? 


26. If eggs can be sold at 9d. per dozen at a profit of 20 p-c., what 
was the cost price per score ? : 


27. Sugar sold at 2id. per pound produced a gain of 12% p.c. 
What was the cost price per ton? 
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28. A man loses 15 p.c. by selling articles at £20. 8s. per gross ; 
what was the cost price of each article? To what sum must he raise 
the selling price per gross so as to secure a profit of 20 p.c.? 


29. A merchant loses 6¢ p.c. by selling half a hundredweight of 
tea for 5 guineas. At what price per pound did he buy it? 


292. ExampLe l. By selling goods for £204 I lose 15 per cent. on 
my outlay ; for what must I sell them se as to gain 10 per cent. ? 


Here gwen 8:P.=85 % of C.P.; 
required: & Pi 110 7% of C.Pa3 
. required 8.P. = of given 8.P. 
110 . 
= £204 5 
= £264 


Exameie 2. By selling sugar at £21 per ton I gain 12% per cent. ; 
what percentage should I gain or lose by selling it at 3d. per pound ? 


3 x 2240 
Al? 


Mee gna gp. <5 of 1st 8.P. 


3d. per lb. is equivalent to £ , or £28, per ton. 


= of 1 §.P. 
‘Algo. Ist §.P.=1121 % of OP. ; 
, 2nd §.P, =F of 1122 Y of OP. 


= O07, Olea 
that is, there is a gain of 50 %. 


293. When an article of commerce passes through the hands 
of several dealers, the profit or loss per cent. of each must be 
calculated on the price at which he bought it. 


EXAMPLE. A sells an article to Bat a gain of 10 p.c.; B sells it to O 
at a gain of Ty p.c.; C disposes of it at a loss of 2 p.c. If the prime cost 
to the manufacturer was £6. 7s. 6d., find, to the nearest penny, the price 
obtained by C. . 

A buys for £6°375 and sells at a gain of 10 p.c. ; . 

.. the cost price to B is £6°375 x se 
B sells it at a gain of 7¥ p.c. ; 
110. 1074 


“. the ae price to C is £6°375 x 100 * 100" 
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£ 
6°375 
C sells it at a loss of 2 p.c. ; aE 
. the price he obtains for it ~ 16375 
70125 
eon 110 1074 98 . 1:075 
4908 
= £6°375 x 1-1x 1-075 x 0-98 “0351 
= £7°388, to three dec. figs., Nar 
= £7. 7s. 9d., to the nearest penny. 6°7846 
: "6030 
73876 


Notr. At the stage marked *, the pupil must in each case decide 
for himself whether the reduction will be simpler if treated by fractions. 


EXAMPLES XVII. d. 


1. By selling goods for £364 I lose 9p.c.; at what price should 
I sell to gain 10 p.c.? 


2. - A merchant sold coal at 19s. per ton, and thereby lost 5 p.c.; 
at what price ought he to have sold it so as to have gained 5 p.c.? 


3. If 3p.c. is gained by selling a piece of cloth for £1. 5s. 9d., at 
what price must it be sold so as to gain 8 p.c.? 


4, By selling sugar at 23d. per lb. a grocer would lose 2 Pi Ces ae 
what price per cwt. could he sell it so as to gain 5 p.c.? 


5, A horse was sold for £81 at a loss of 28 p.c.: if the selling price 
had been £90, what would have been the gain or loss per cent. ? 


-. 6, What percentage of loss or gain will result from selling cloth 
at 7s. 9d. per yard, if 5 p.c. is gained by selling it at 8s. 9d: per yard? 


7.. If silk can be sold at 3s. 7d. a yard at a gain of 7s p.c., how 
much per cent. would be lost or gained by selling it at 3s. 2d. a yard ? 


8. A tradesman who is selling off states that he will make a 
reduction of 10 p.c. from the prices marked. At what price must he 
mark goods for which he wishes to receive 8s. 3d. ? 


9. A grocer bought a consignment of 200 eggs, 20 of which were 
broken in transit ; the rest he sold at the average rate of 5 for 9d., 
thereby clearing 8 p.c. on his outlay: at what price per score did he 
buy the eggs? 


am sugar sold at 22d. per lb. entails a loss of 12 pc., what 


percentage of profit would be made by selling. it at £1. 11s. 6d. 
per cwt.? 
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11. By selling oranges at 10d. per dozen a woman loses 10p.c. of 
her outlay : what would she gain or lose per cent. if she sold them at 
10 for a shilling ? 


12. At a clearance sale an article is reduced in price from 2s. to 
ls. 9d. IEf the first price represents a profit of 28 p.c., how much is 
gained per cent. by selling at the reduced price ? 


13, A man bought a cottage and sold it at a loss of 5p.c. If he 
had been able to sell it at a gain of 7 p.c. he would have received more 
than he did by £49. 16s. What was the cost price ? 


[Here difference of selling prices =12 % of cost price. | 


14, If 20p.c. more would be gained by selling a piece of land for. 
£46. 10s. than by selling it for £39, what did it cost? 


15. A carriage was sold at a loss of 20p.c.; if it had fetched £10 
more, there would have been a profit of 10 p.c. What was the cost 
of the carriage ? 


16. Find the prime cost of some goods which would fetch 12s. 6d. 
more if sold at a profit of 135 p.c. than if sold at a loss of 6} p.e. 


17. A merchant lost 12p.c. by selling coal; if he had increased 
his price by 3s. 8d. per ton he would have gained 10 p.c. At what 
price did he sell it ? 


18. A wine merchant was selling champagne so as to gain 20p.c. 
He increased his price by 5s. per dozen, and his profit rose to 
323 p.c.: at what price per dozen was he selling the wine at first ? 


19. It costs A £30 to make a carriage; A sells it to Bat a gain of 
10 per cent.; B sells it to C at a gain of 5 per cent. What does it 
cost C'? 


20. How much should I have to pay for a watch which cost £3. 4s. 
to make, if the maker sold it to a dealer at a profit of 25 per cent., and 
the dealer sold it to me at a profit of 123 per cent.? 


21. A builder sells a house worth £2000 to an agent at a loss of 
16 per cent. If the agent disposes of it at a gain of 25 per cent., what 
does the purchaser pay ? 


22. A sells an article to B at a profit of 4 per cent.; B sells it to C 
at a profit of 5percent. If C pays £4. 11s. for it, what was the prime 
cost to A? 

[Let £a be A’s prime cost ; then axi94x105—=411 . 


that is, a=455x409x109 See Note to Example, Art. 293.] 


23. A sold some goods to B, making a profit of 10 per cent.; B sold 
them for £6. ls., making a profit of 10 per cent. What did A pay for 
the goods? 
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24, If the manufacturer makes a profit of 20 p.c., the wholesale 
dealer a profit of 25 p.c., and the shopkeeper a loss of 5p.c., what did 
the shopkeeper get for an article which cost 3s. 4d. to make ? 


25. The cost of making a bicycle is £8; the maker adds on a profit 
of 25 p.c. to this in selling to a dealer, and the dealer sells the machine 
for £12. 10s. Find the dealer’s actual profit and his profit per cent. 


26. A manufacturer makes an article and sells it to a dealer at a 
profit of 10p.c. The dealer sells it to a shopkeeper who obtains for it 
a price 21 p.c. above the cost of manufacture. What was the dealer’s 
profit per cent. ? 


' 27. The total rise in the price of goods passing through three hands 
is 57}yp.c.; if the first and second secure profits of 20 p.c. and 25 p.c. 


respectively, what protit per cent. does the third make? 


28. A makes a wardrobe for £6 and sells it to B at a profit of 
25p.c. B sells it to C, and C sells it for £9. 18s. making a profit of 
10 p.c. What profit per cent. did B make? 


29. A manufacturer sells to an agent at a profit of 20p.c.; the 
agent’s wholesale price to a shopkeeper is at a profit of 10 p.c., and the 
shopkeeper retails his goods at a profit of 12} p.c. Find 

(i) the wholesale price of goods which cost the manufacturer 6s. 3d. ; 
(ii) the retail price of an article which cost 25s. to make ; 
3 on cost to the manufacturer of goods bought in the shop for 

14. 17s.; 


(iv) the profit per cent. which the manufacturer would make if he 
sold direct to the customer at the shopkeeper’s price. 


294. Miscellaneous Examples on Percentages. 


ExAaMPLE 1. One gallon of spirit which contains 11 p.c. of water is 
added to 3gallons containing 7 p.c. of water, and to this mixture half 
a gallon of water is added, Find the percentaye of water in the final 
mixture. . 


Here it will be convenient to consider each gallon as consisting of 
100 parts. 


1st gallon has 100 parts ; 89 of spirit, 11 of water. 
The 3 gallons have 300 parts ; 279 of spirit, 21 of water. 
The added ¥$ gallon has . 50 of water. 


By addition, 450 parts have 368 of spirit, 82 of water. 


Thus the required percentage =, x 100 
_ 164 
AE 


=162, 


352 | ARITHMETIC. [CHAP. 


ExameiLkE 2. In what proportion must tea costing 2s. 9d. per lb. be 
mixed with tea costing 2s. 2d. per lb. in order that a yain of 20p.c. may 
be made by selling the mixture at 3s. per Lb. ? 

100 
120 
=2s. 6d., or 30d. 


Now suppose that x lbs. of the first kind of tea are.taken with y lbs. 
of the second ; then 


cost price of (#+y) lbs. at 30d. =30(x+y) pence. 
Also the cost price of x lbs. at 33d., 


The cost price of the mixture =3s. x —5- 


= (38x + 26y) pence. 


together with y lbs. at 26d. 
. 33x + 26y = 30x + 30y ; 
that is, of AY, 
Ok w 4 
or y = 3" 


. 4 parts of the first must be taken with 3 parts of the second. 
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1. Since the last census the births in a certain district have been 
1l p.c., and the deaths 4 p.c. of the whole population. If the popula- 
tion is now 85,600, what was it at the last census? Find also the 
number of births and deaths that have taken place in the interval. 


2. If 8tons of coal at 25s. per ton are mixed with 20 tons at 
20s. per ton, find the gain per cent. if the whole is sold at 24s. per ton. 


3. A grocer mixes chicory at 3d. per lb. with coffee at 2s. per lb. in 
the proportion of 4 to 17 and sells the mixture at 2s. ld. per lb. Find 
his gain per cent. 


4, A rising tradesman saves during each year an amount equal to 
20 per cent. of his capital, and adds it to his capital at the end of the 
year. If on Jan. Ist, 1900, his capital was £500, what was it on 
Jan. Ist, 1904? 


5. A shopman bought eggs at the rate of 7 for a shilling, and sold 
them at a profit of 40 percent. How many eggs would a customer get 
for a shilling ? 


6. Two partners invest £1250 and £850 respectively in their 
business, and arrange that 60 per cent. of the profits should be divided 
equally between them, and the remaining profits treated as interest on 
the capital. If one partner’s share is £30 more than that of the other, 
what was the whole amount of the profits ? 
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7. A man buys a house for £1150. There is a ground rent of 
£25 a year, and annual repairs come, ‘on an average, to lt per cent. on 
the purchase price of the house. At what rent must he let the house 
to clear 8 per cent. per annum on the purchase price ? (C.8.) 


8. An examination paper is worked by 2500 pupils, of whom 
one-fifth are girls and the rest boys; 5 p.c. of the boys fail and 40 p.c. 
of the girls. What percentage of the whole passed ? | 


9. A sells goods to B at 5 p.c. profit, B sells to C at 20 p-c. profit, 
and C' sells to D at 25 p.c. profit. What would be A’s profit per cent. 
supposing that he sold the goods for the price D paid for them? 


“10. If 3 articles are sold for the cost price of 4, what is the profit 
per cent. ? 


11, A tradesman’s prices are 12 p.c. above cost price: if he allows 
£1. 6s. 3d. off a bill of £21, what profit per cent. does he make ? 


12. A man buys an estate for £36,000. He sells one-third of it at a 
loss of 20 p.c., and two-fifths of it at a gain of 25 p.c.; at what gain ~ 
per cent. must he sell the remainder so as to make a profit of 10 p.c. 
on the whole? 


13, A tradesman’s takings for a week are £25; what is his net | 
profit if he marks his goods 20% above cost price and pays for rent, 
labour, etc. 10 % of his takings ? (C.S.) 


14, In what proportion must coffee at 1s. 2d. per Ib. be mixed with 
coffee at 2s, per lb. so that the mixture may be sold at 2s. ld. per lb. at 
a profit of 25 p.c.? 


15, A dairyman pays ls. ld. per gallon for his milk ; he adds water 
and sells the mixture at 2d. per pint, thereby making 40 per cent. 
profit. Hind the proportion of water to milk received by his customers. 


16. In New South Wales, the returns for 1903 shewed that the 
number of sheep in the country was 26,656,000,° and the value of 
wool produced £8,593,000. In New Zealand similar returns shewed 
that the number of sheep was 18,955,000 and the value of the wool 
exported £4,041,000. Assuming that the amount of wool produced 
per head of sheep was the same in the two States, calculate the 
percentage of the total wool-production of New Zealand which was 
exported. (C.8.) 


17. In the year 1906 Great Britain took 90 per cent. of the farm 
products exported by Canada. But it was said that ‘for every 100 
dollars’ worth of farm products supplied to the mother country by 
Canada, other countries furnished her with about 447 dollars’ worth.” 

Taking the value of Canada’s farm products exported to Britain as 
13*1 millions of pounds sterling, calculate approximately the value of 
the farm products exported by Canada to a// countries ; also the value 
of farm products imported by Britain from all countries. (C.8.) 


18. A bicycle agent allows 25 p.c. discount on his advertised prices, 
and then makes a profit of 20 p.c. on his outlay. What is the advertised 
price of a machine on which he gains £3? 


AR. H.S. Z 
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19. A man buys milk at 21d. per quart, dilutes it with water and 
sells the mixture at 3d. per quart. How much water is added to each 
quart of milk if his profit is 60 p.c. ? 


20, A man sells an article at 5p.c. profit. If he had bought it at 
5p.c. less and sold it for ls. less, he would have gained 10 p.c. ; 
find the cost price. 


21, A piano was sold at a gain of 16 p.c. If the selling price had 
been £2 more the gain would have been 20 p.c.: what did the piano 
cost ? 


22. A merchant buys 700 quarters of wheat. He sells 280 of them 
at 74 p.c. profit, 320 at 10 p.ec. profit, and the rest at 125 p.c. 
profit. His whole gain amounts to £100.19s.7d. At what price 
per quarter did he buy? 


23. A grocer sells sugar at 4d. per lb. and takes off 5 p.c. for cash 
payment: tind what it costs him per cwt. in order that he may make 
a profit of 60 p.c. ? 


24, In what proportion must tobacco at 5s. 3d. per lb. be mixed 
with another kind at 6s. 6d. per lb. so that 335 p.c. may be gained if 
the mixture is sold at 7s. 10d. per lb. 


. 25, A cycle agent buys 30 bicycles, of which 8 are first grade and 
the rest second grade, for £315. Find at what price he must sell the 
first grade machines, so that if he sell the second grade machines at 
three-quarters this price, he may make a profit of 40 p.c. on his outlay. 


26. There are two casks of spirit, containing 25 p.c. and 15 p.e. 
respectively of water. If 2 gallons of the first are added to 3 gallons 
of the second, what percentage of water will there be in the mixture? 
Ii a quart of water is now added, find, to the nearest integer, the 
percentage of spirit in the final mixture. 


27, A tradesman bought some sugar at 344d. per kilogram, and 
sold it at 2d. per pound. He assumed that a pound was # kilogram, 
whereas in reality a pound is 453-6 grams. What profit per cent. on 


his outlay did he think he made, and what profit per cent. did he 
actually make? (C.S.) 


28, A manufacturing firm has a capital of £9000. The gross annual 
sales are £3750. The cost of materials and manufacture is 35 pc: 
of this. Rent, rates, and taxes amount to £387 ; advertising to £940 ; 
office expenses, £136; manager’s salary, £200 together with 1 p.c. 
on the gross sales. Find the rate of interest that can be paid on the 
capital. | 

If the advertising is doubled, and in consequence the gross sales 
increase 40 p.c., what increase will there be in the annual profit? (C.8.) 


CHAPTER XVIII. 
INTEREST AND DISCOUNT. 


295. WHEN money is borrowed in the course of business the 
lender makes a certain charge for the use of the sum lent. Sucha 
charge is called Interest, and the sum lent is called the Principal. 


Interest is usually reckoned as a percentage on the principal for 
each year until the loan is repaid. The sum paid on each £100 of 
the loan is called the rate per cent. per annum. Unless other- 
wise stated the interest is always calculated yearly, and the words 
per annum are omitted in quoting the rate per cent. 


296. When interest is reckoned on the original principal only, 
throughout the whole term of the loan, it is called Simple Interest. 
When interest, as it becomes due, is used to increase the principal, 
the total interest at the expiration of the loan is said to be 
Compound. For the present we shall deal with simple interest 
only. 

Principal together with its interest for a stated time is called 
the Amount for that time. 


Exampue. A sum of £350 is lent Jor 4 years at 3 per cent. per annum ; 
find the simple interest and the amount. 


Here the interest for one year=3 p.c. of £350 


= £350 x 735; 
. the interest for four years= £350 x re x4 
= £42. 


The amount = principal + interest 
= £350 + £42 = £392. 


297. Thus it appears that when the principal, rate per cent., 


and time are given, the simple interest is found by the following 
rule : 


Multiply the principal by the rate per cent. and by the number of 
years, and divide the product by 100. 
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298. If we suppose the principal to be represented by £P, the 
rate per cent. by £7, the number of years by », and the resulting 
interest by £I, the rule gives rise to the formula 


Tae XrXn 
Te LOO te 


In performing the operations implied in this formula (or in the 
rule of Art. 297), the pupil must be careful to arrange the details 
so as to simplify the work as much as possible. 


ExameLe 1. Find the interest on £1866. 13s. 4d. for 33 years at 
23 per cent. 


aMtiteats 30 re 
Required interest = £1866 x 33 x 100 
7 5 
6 0088 1 Ria 
a We 
== lon 


This fractional arrangement should not be used except in the 
simplest cases, and never unless the principal can easily be expressed 
m a fractional form. It is, however, always worth while to see if a 
simplification can be obtained by first multiplying together the number 
of years and the rate per cent. 


EXAMPLE 2. Find, to the nearest penny, the interest on £315. 12s. for 
4 years 7 months at 22 per cent. 


es 1 2 
Here the number of years x rate per cent. =4,'5 x 25 


Thus we have only to divide the principal by 100 and multiply the 
result by 11. 


£315°6 
100 


= £3'156 x 11 
= £34°716 
= £34. 14s. 4d., to the nearest penny. 


all | 


Hence the required interest = 


299. It should be noted that a penny is the coin of least 
value recognised in banking and similar business ; it is therefore 
usually sufficient to obtain a result true to the nearest penny. 
Hence the best general method of finding simple interest is that 
shewn in the following example in which the principal is 
decimalised as the first step of the work. 
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Exampie. Find, to the nearest penny, the simple interest on 
£227. 10s. 6d. for 5 years at 3+ per cent. 


2 
Here the principal = £227 -525. 
_£ 
2°275 | 25 
5 
1137613 We divide first by 100, then multiply 
31 successively by 5 and by 34, keeping 
2 4 decimal figures throughout, and a final 
1 foe : result correct to 3 decimal figures. 
39°817| 


Thus required interest = £39°817 =£39. 16s. 4d. 


EXAMPLES XVIII. a. 
Find the Simple Interest on 


1.,. £200 for 3 yrs. at 6%. 2. £450 for 4 yrs. at 5%. 
BIL 2000 ,, 6 \x,,5° BR etn Lod 93 PO ORE 
5. £540 eT GK 6. £3375 Mae wean? 
ete 10s,: 4, 4 |, Ft Bee Oe LSIS: 158, 55! 35 ay 7 
9, £1600 5:97 eo Se Mame CReD; 158... 25 sh eee 

11. £783. 6s. 8d. for 2 years 3 months at 65 %. 

12. £600 for 1 year 5 months at 44 %. 

13. £2526. 5s. for 13 years at 1¢ Wes 

14, £407. 10s. for 3 years 9 months at 34 %. 

15. £2022. 11s. 3d. for 2 years 8 months at 73% 

Find, to the nearest penny, the Simple Interest on 

16. £457 for 3 yrs. at 44 %. 17. £5127 for 34 yrs. at 3 eA, 

18, £641 ,, 33 ,,  23-%. dimer l2:,, 25°... Veeie 

20. £761. 11s. 1d. for 6 years 8 months at 4a oe 

21, £408.2s.5d. ,, 6months —,, 4 ¥. 


Find, to the nearest penny, the Amount at Simple Interest on 
22. £156. 14s. 6d. for 13 yrs. at 35%. 

Zo. £244. 1s. 8d. « ,, 3 yrs. Jmos. ,, 3%. 

24, £1842. 14s. 5d. ,, 2yrs.8mos. ,, 21%, 

20. £1147.28.9d. ,, 5yrs.4mos. ,, 22%. 
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96. Find the quarterly interest on £1240 at 33 %. 


27. Find to the nearest cent the half-yearly interest on $548,40 at 
41 % per annum. 

28. <A sum of £4387. 10s. was lent at 4p.c. simple interest ; what sum 
must be paid to cancel the debt at the end of 8 months? 

29. A man deposits 6280fr. in a bank which pays him interest at 
2i¢p.c. Find what sum he may draw from the bank at the end of half 
a year. 


300. When it is necessary to calculate interest for a number of 
days, the time must be expressed as a fraction of a year. In 
estimating the time between the two specified dates it is customary 
to include one only of the dates named. Thus from April 5™ to 
August 10 would be 

April May June July’ Aug. 
(30-5) + 31 + 30 + 31+ 10, or 127 days. 

A fraction of a year, with denominator 365, can only be put in 
a simpler form when the number of days is a multiple of 5 or 73. 
For example, 146 days is 2 of a year. In other cases it is best to 
proceed as follows. 


ExamMpPue. Find, to the nearest penny, the imterest on £1208. 7s. 10d. 
at 4 per cent. from April 5” to August 10”. 


The principal = £1208 °392, and the number of days is 127. 


: 4 1297 £ 
The interest =£1208°392 —— x — 1208 °392 
100 © 365 “016 
4 127x2 pee 
= £1208°302 wee 1208-392 
100-730 12-083 | 9 
1016 7-250|3 
— oe . (4 pa Sele ES SP LS. 
=e es eo 73) 1227°726| (16-818 
— £1208-392 x 1 016 497 
oe 597 
=£16°818, to 3 dec. figs., 132 


=£16. 16s. 4d., to the nearest penny. 596 


Nore. In adopting this arrangement we shall always have to divide 
by 73 (or multiply by 7;) as a final step. This may very conveniently 
be done by the following rule, known as the third, tenth, and tenth rule. 


T’o the number of pounds to be divided add one-third of this number, 
one-tenth of the quotient so obtained, and again one-tenth of the last 
result ; then divide the sum by 100 (i.e. move the decimal point two places 


to the left), and deduct + oo oo A the resulting number. 


XVII. ] THIRD, TENTH, AND TENTH RULE. 359 


Applying this rule to the above example, we have 


. 
P2277 20 
z= 409°242 
| io of == 40°924 
zo of qo of $= 4:092 
1681 °984 
< 
Moving the decimal point 2 places ee the left we get 16°81984 
’ deduct inate of this result __°00168 
16° ‘81816 


Thus to three places of decimals the result is £16°818, as before. 


The reason ita the rule may be thus explained. 
By division, 74; = :01369863.. 
Now 1+3+(75 of 1)+3, rau f $)=1+ 33} + 032 + 002 
Slot Shor 
aoe the decimal point 2 places le the left we get +0137 
deduct +> 5 oo Of this result “00000137 


. 01369863 
which is the equivalent of 1, 


301. Multiplication by aliquot parts may sometimes be used 
with advantage. 


EXampLe. Find the Interest on £4536. 15s. for 219 days at 44% per 
cent. 


219 _ 3x73 3 
219 days=s55= a 5 of ] year. 
And number of years x rate per cent. 3 x i? 242. 


Thus to find the simple interest, decimalize the principal, divide it 
by 100, and multiply the result by 243 


£ 
45°367 | 5 


90°735 | 0 
22°683 | 7 =gtgtig 
11°341}8 
2°835 | 4 
127°596 


Thus required interest = £127°596 = £127. 11s. 11d, 


) 
= Th 
PB] no] po| 
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EXAMPLES XVIII. b. 
Find the Amount at Simple Interest of 


j aaa ay ps8) for 146 days at 32 per cent. 
2, £1835 | GD Siar satbesnt Ys, 
* i £1687. 108. 5, 2h eee i 
NA). £252. le. Sd.’ ,,') eaeaeeeess ue 
5. £1606 MOO. a aunaeban Wi 33 


Find, to the nearest penny, the Amount at Simple Interest of 
6. £820. 4s. 2d. for 2 yrs. 146 days at 2% per cent. 

7. £426. 10s. from March 4 to July 28" at 3 per cent. 

8. £219 aT ae uy LOM, 2 

9 £375.12s. ,, May Ga 4, Dec 11™,,,, 43, 

10. £780. 16s. ,,. April 7"), Aug. 31* .,, 375 9 


[In Examples 11-23 use one of the methods of Art. 300.] 
Find, to the nearest penny, the Simple Interest on 


11. £316 for 33 days at 5 per cent. 
12, £547 | 5f NE eae aad. 
13. £7000 A a kk: Seer 
14, £708 39 113 99 35 99 


Ae £065. 149.70. oy celeste 59 


Find, to the nearest penny, the Amount on 


16. £413 from March 4t» to May 8t® at 4 per cent. 
17. £510 idune aera, Aug. 23" 0.) Oo as 
18. £2450 ., Aprill7™ ,, July27 ,, 3¢ ,, 
19,. £1368. 15s. Y eM tyes Sto Dec. 15™. \,; 43, 


90, £402. 10s.9d. ,, Aprill4 ,, July3l* ,, 45 ,, 


91. A sum of £1250 was borrowed on April 1st and repaid on 
Aug. 25% of the same year with interest at 33 p.c. What sum had to 
be paid ? 

92. A man deposits £500 at his bank on July 5 and draws the 
interest at 21 p.c. on Nov. 18. At the same timé he withdraws 
£200 of the deposit; the remaining sum with interest he draws on 
Feb, 20t of the next year. What sums does he receive on these dates 
respectively ? 

93. I borrow £350 on May 1* and a further sum of £270 on Aug. 1% 
on the understanding that I repay the whole with interest at 32 p.c. 
at the end of the year. How much do I owe on Dec. 31%? 


ae I ee Se 
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302. Inverse cases of Simple Interest. In questions on 
Interest we are concerned with four quantities, viz. principal, 
rate per cent., time, and interest. When any three of these are 
given it is possible to find the fourth. Questions in which the 
interest is among the given quantities, and it is required to find 
the principal, or rate, or time are called Inverse. 


Case Il. When the Principal is required. 


Exameir. What principal will produce £114. 3s. 9d. as simple interest 
gt 35 per cent. for 7+ years ? 


Let P pounds denote the required principal ; 


Px ahs 72 33. 
h SS CE 
ie 1007, 20" 
. 7 29 1 3 
that 1S, PxX5x 4X jogn sie 
9 
__ 4997 2) 4 
Pte x 100 x =X 59 
2 
= 450. 


Thus the required principal is £450. 


Or thus: Interest on P pounds=(Int. on one pound) x P. 


‘. number of pounds in req principal = given Int. ; 


Int. on £1’ 
1827 ae “) 
G —a chek - as 
hat is, P 16 = \* 00 


= 450, as above. 


ExampLe 2. Pind, to the nearest pound, what principal will amount 
to £3521. 8s. at 25 percent. in 3 years. 


Let P pounds denote the required principal ; 


32757 
then P rite oe 3521:4, ? 10,75 ) 8521°4 
: 2004 
P(i42° \ 3521-4, 814 
200 61 
P x 1:075=3521°4; 7 
PaO Here we require five figures in 
Thus the req principal = £3276. the quotient, and the first. two 


are obtained before contracting. 
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Or thus: Amount of P pounds=(Amt. of one pound) x P. 
given Amt. 
Here given Amt. = £3521°4; Amt. of £1=£1:075; 


aoe eee 
; P= 975 = 8275 7, as before. 


‘. number of pounds in req? principal = 


EXAMPLES XVIII. c. 
On what Principal will the Simple Interest be 


1. £60 in Syrs. at 4%? 2, £90 in 4 yrs. ab 57 
Oreo, Oo. 5 eee 4,° £51.10. ,5° 8: “5, yee 


Find the Principal which will produce 
5. £10. 4s. as interest in 3 years at 4 per cent. 
Gerl28 178. 6d. 4... yee ee 2 
7, £44. 6s. 8d. sp ce ee Dee 
Sie. 78. 6d. ut » -9months at 6 percent. 


What Principal will amount to: . 
G7 £1417 in 5 yrs, at 02? ei elle in 4yrs. at 33%? 
11, £862. 10s. 3, Ye 2899. 108. ,, 6 eee 


Find the Principal which will amount to 

13. £5430. 7s. 6d. in 3 months at 27 per cent. 
14, £527.83.9d. ,, 3yyears ,, 25 ,; 

15. £204. 16s. >, 146 daysia. We C 

PGA os. 18. 20. 4,5 oe years ,, 3 cA 


17. Find, to the nearest pound, the principal which will give £152 
as interest in 5 years at 24 per cent. 


18. On what sum, to the nearest pound, will the interest for 
34 t 3 be £24. 18s. ? : 
dz years at 3 percent. be oS 


19. Find, to the nearest pound, the sum which must be placed 
for 8 months at 23 per cent. to produce as interest £17. 18s. 9d. 


20. Find, to the nearest shilling, the sum which in 1 year 9 months 
at 3 per cent. will amount to £327. 2s. 4d. 

21. Find, to the nearest pound, what sum a man must deposit 
at his Bank on his son’s 16 birthday, in order that his son on 
coming of age may be entitled to £2000, simple interest being reckoned 
at 25 per cent. 
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303. Case II. When the time is required. 


Exameie 1. In how many years will £1250. 12s. 6d. amount to 
£1375. 13s. 9d. at 4 per cent. ? 


Here the interest = £1375. 13s. 9d. — £1250. 12s. 6d. 


Sl eosks. Oe. 
Let the number of years be denoted by-n, 
then 12503 x a en Tes 1254 S3 
4 
, a n=125q1, + (12508 x icp) 
4 SON ; uy 
ae * you0p 
2 5 
=2s. 
Or thus: Interest for n years=(Int. for one year) xX 3 
oe given Int. 


Int. for one year’ 
which leads to the same work as before. 
EXAMPLE 2. In how many days will £2406 amount to £2421. 2s. at 
34 per cent. ? 
Here interest at 34 % for the required fraction of a year 
= £2421. 2s, - £2406 


=a 5. 2a) 
= 3 Lid 
31 
Interest on £2406 for 1 year= £2406 x i rq 
SOL ss ons vet cu cemgttese sium eeeseeeMe 4. (i) ; 
15°1 £ 
: a ld 
.. req? fraction of a year= 751 51 79 1 iD 5a: Sayama a Moa: (ii). 
And 0°179 of a year=0-179 of 365 days=65°3 days ...... (ili). 


This, counting a fraction of a day as a whole, gives 66 days. 
The details of work are as follows: 


(i) CH. (111) 


£ 0°1798 0°179 x 365 
aight 8°42.1) 15100 = 36'5 x 1°79 
2 are ° 
72:18 66790 geen ae 
aan | pe 5) 
84°21 264 25-5 | 5 
11 32|9 
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304. Case III. When the rate per cent. is required. 


Exampie. At what rate per cent. will the simple interest on £422. 10s. 
for 4 years be £50. 14s. ? 


Let the required rate per cent. be denoted by vr pounds ; 


yy 
then 422°5 x Top X4=5077 5 
422°5 
1X 5 = 50°7, 
re) 08 
or ‘ r=50°l X F555 
ah 


Thus the req’ rate per cent. is 3. 


Or thus: Interest at 7 per cent. =(Int. at one per cent.) x7. 
given Int. 
Int. at one per cent. 
=50°7 + (422°5 x 745), 
which leads to the same work as before. 


‘. required rate per cent. = 


EXAMPLES XVIIL c. (Continued.) 


For what time would the Simple Interest on 


MOD. lite LDU be £375 at 5 per cent. per annum ? 
93, £1050 ys £210 iat 5, - 

24, £1860 5» £558 nea 's; x 

95, £666. 13s. 4d.,, £67. 10s. ie ae if 

96. £3756 ,, £633. 16s. 6d.,, 45 ,, i 

In what time will the Amount on 

97, £1500 at 3 per cent. be £1680? 

98. £5400 ple see £6372? 

99, . £225 es et ke £256. 10s. ? 

8). £146. 188..4d.,, 45 oa £163. 3s. 4d. ? 


31. In how many days will £250 produce £3. 10s. as simple interest 
at 5 per cent. ? 

32, In how many days will the interest on £1572.17s. come to 
£23. 14s. at 55 per cent. ? 

33, In how many days will £382 amount to £386. 13s. 6d. at 4 per 
cent. ? 
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At what rate per cent. would the Simple Interest on 
34. £250 be £37. 10s. for 5 years? 

De" Lolo », £90 iene Woe 

36. £318. lds. eee. 128. 6d..,, 4... 5 

37. £168. 13s. 4d. ,, £18. 19s. 6d. », 22 ,, 


At what rate per cent. will the Amount of 

38. £2500 for 54 years be £3118. 15s. ? 

39. £485 yo Pee yy, £527. 80; Od.? 

40. £320.15s. ,, 5 years 4 months be £363. 10s. 4d. ? 


¢ 


41, If the interest on £650 for o months is £12. 3s. 9d., what is 
the rate per cent. ? 


42. The sum of £437. 10s. was lent at simple interest, and at the 
end of 8 months the debt was cancelled by the payment of £449. 3s. 4d. 
What was the rate of interest ? 


43, At what rate per cent. will a sum of money treble itself at 
simple interest in 25 years? 


44, “A lends B a sum of £564, and at the end of Qs years B cancels 
the debt by a payment of £614: find, correct to two decimal places, 
what rate per cent. A gets for his money. 


45. A man lends £3550 on the understanding that he is to receive 
£100 as interest at the end of 5 months ; find, correct to two decimal 
places, the rate of interest per cent. per annum that the borrower has 
to pay. 


46, W hat sum, correct to the nearest ound, will amount to 
p 
£2519. 18s. in 4} years at 5 per Cent: ? 


47, Find, correct to the nearest shilling, what sum must be put 
out at 22 per cent. simple interest to give an income of (i) half-a-crown 
a week; (ii) a penny a day. 


48. A man leaves £30. 10s. on deposit at 5 per cent., and takes 
his interest when it has amounted to £1. For how many days was 
the sum on deposit ? 


49, A man places £1000 on deposit at 3 per cent., and gives his 
son the interest on his birthday which falls on June 154: if the 
present amounts to £12. 18s. 1d., on what day was the deposit made? 


50. A man makes his wife a birthday present, giving her each 
year a number of pounds equal to the number of years in her age. 
If her birthday falls on Aug. 8, what sum must he place at interest 
at. 4 per cent. on Jan. lst before she is 36, in order to raise the 
required sum ? 


* 
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Discount. 


305. Discount is a sum of money deducted from a debt in 
consideration of the debt being paid before it is legally due. 


Suppose 4 owes 6 a sum of £102, payment being due in six 
months’ time, and that the use of money meantime is valued at 
4percent. Since at this rate £100 would amount to £102 in 
6 months, A can equitably discharge his debt to B by paying him 
£100 at once instead of £102 at the end of half-a-year. In this 
case £100 is called the Present Value of £102, and £2 is called 
the True Discount on £102 for six months at 4 percent. per 
annum. 3 

In such a case the Present Value of a debt is that principal sum 
which with its interest for the given time would amount to the 
sum due, and the true Discount on the debt is the same as the 
Simple Interest on the Present Value. 


Or briefly : 
Oe, oY Present Vakhie+ Interest on P.V.=Sum due. 
es (ii) Interest on Present Value = Discount on Sum due. 


306. The above reasoning gives the ¢rwe discount, namely 
the sum which should theoretically be deducted when a debt is 
paid before it is due. In practice, however, discount is always 
calculated as a percentage on the sum due. In commercial and 
banking transactions discount always has this latter meaning. 


Thus in the case discussed in the last article the practical 
discount on a debt of £102 due in six months at 4 per cent. would 
be 4 of 4 p.c. of £102, or £2°04. 


Nors. We shall not give any examples on true discount and present 
value. If the pupil meets with such questions they may all be 
regarded as illustrations of inverse cases of simple interest. It is only 
necessary to substitute the words principal and amount for present 
value and sum due cespectively, and to remember that the true discount 
on the sum due is the interest on the present value. 


EXAMPLE 1. Find to the nearest penny the discount on a sum of 
£1208. 7s. 10d. due after 127 days at 4 per cent. 

Here the required discount is 4 per cent. of £1208. 7s. 10d. for 127 days. 
Thus the work is the same as that given in Art. 300. 


EXAMPLE 2. An account after 24 per cent. had been taken off became 
£16. 14s. 9d. What was the sum due before the discount was deducted 2 

The element of time does not enter into a question of this kind. 
The tradesman simply deducts 21 % of the sum due to him and accepts 
£16. 14s. 9d. 


ee Ee pe ee 
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Here £16. 14s. 9¢.=£16°738 to 3 decimal places. 
Let the sum due be denoted by x pounds ; 


ae 
then a ang Le 738 ; 
. (1 — -025) = 16-738, 
: 16°738 
that is, Pe OO re ; 
at is w= one TAG 


. the sum due is £17. 3s. 4d. 


‘Nore. In practice a tradesman deducts 1s. in the £1 for 5 wo 6d. in 
the £1 for 2h %, and so on. Moreover, unless the number of shillings 


EXAMPLES XVIII. d. 
(When not exact the answers are to be given to the nearest penny. ) 


Find the Discount on 


da 2020 due in 3 months at 4 we 
2.' £6331 Fm Atay S27, 
od, £694.3¢.4d. |, i es 45%, 
4, £531. 6s. », 146daysat 3%, 
~ 5, £367.183.9d. ,, 219, Qs %, 
6. £890 »» 1Omonths at 7 %. 
Bf) 2729. 178, 4d, ae 2s %, 
Bes £531. 46,4 at ce, ye 
me 9) © £762 » W76daysat 4%, 
10. £205. 7s. os od ee ae 


Hew much cash must be paid to settle the following accounts ? 
[In Examples 11-14 ignore anything less than 10s, ] 


V1l. £25. 13s. 8d. (Discount 10 sie 12. £14. 3s. 2d. (Discount 5 Ads 
Vv 13. £41. 11s. (Discount 5 vAP v 14, £38. 4s. 8d. (Discount os Ea 


MMS: After 5° had hoo dedisied trom a bill it came to £26. 7s. 3d. 


What was the amount before discount was deducted ? 


“16. If my tailor allows me 10% discount for ready money and I 


pay him £16. 13s., what was the amount of my bill before discount 
was deducted ? 


4 
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307. A Bill of Exchange is a written order by which one 
person demands payment from another of a certain sum by a 
specified date. : 


The procedure may be illustrated by the following instance. 


A British manufacturer A. B. acting on instructions from a Calcutta 
merchant L. M., ships to the latter a consignment of goods worth £750. 
At the same time A. B. sends L. M. a Bill of Hxchange or demand for 
payment in the following form : . 


£750. Manchester, Oct. 22%, 1907. 
Three*months after date pay to me or my order, the sum of seven 
hundred and fifty pounds, value received. 
POD. (Signed) Avie 
Calcutta. 


On receiving the goods the Calcutta merchant accepts the lability 
stated on the Bill by writing across it ‘‘ accepted” with his signature. 
The accepted bill is then sent back to A. B., who may now proceed 
in either of two ways. 

(i) He may retain the Bill until it matures, that is, until the date 
when payment is due from L. M., when he will obtain the money 
through the London Agents of L. M.’s Calcutta Bank. Or (ii) if 
A. B. should need ready money at some earlier date, he may get 
the bill discounted by his Banker or Bill-broker X. Y.; that is to 
say, he may sell the bill to X.Y. who will give him in cash its 
present value calculated at the current rate of discount from the date 
of discounting to the date on which the sum falls due. Theoretically, 
the present value should be reckoned by the method of true discount, 
but in practice the Banker deducts commercial discount, or simple 
interest on the sum due. 

In this example A. B. is called the drawer of the bill, and L. M. 
the drawee. The sum mentioned on the bill and ultimately paid by 
L. M. to X. Y. is called the face-value. 


After a bill is nominally due it is customary to allow three extra days, 
called days of grace, before the bill is legally due. 


308. A Promissory Note ditlers from a Bill of Exchange 
only in the fact that it is drawn up by the debtor instead of 
the creditor. Thus in the case already illustrated L. M. might 
send a Promissory Note to A.B, in which he makes a formal 
promise to pay £750 to A. B. at the date named in the note. 


EXAMPLE. Find, to the nearest penny, the discount on a Bill for £650 
drawn on April 15%, at three months, and discounted on May 19% at 
4 per cent. 

The bill becomes nominally due on July 15 and legally (allowing 
for 3 days of grace) on July 18**. The question, therefore, is this: 

What discount should be deducted from a debt of £650, due on 
July 18, if payment is made on May 19? 
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The number of days is (31 — 19) + 30+ 18=60. 
“. required discount =4 ¥ of £650 for 60 days 


4 60 65 
= £600 x= eee 4°8 
Ae 365 he 
52-0 

Tee ORS. 73)812 (4274 

= £4:274 200 
0 

= 4° Bac Gd. re 


29 
_” Hence the cash obtained on discounting the bill would be 
£650 — £4. 5s. 6d., or £645. 14s. 6d. 


EXAMPLES XVIII. e. 


(Answers to be given to the nearest penny.) 


Find the Discount on the following Bills : 

1. £603 drawn on Oct. 4t» at 4 months and discounted on Noy. 26th 
at 2t yee 

2. £952. 15s. drawn on March 9t» at 8 months and discounted on 
April 7 at 5%. 

3, £381 drawn on April 5 at 7 months and discounted on Aug. 1*¢ 
at 4%. 

4, £486 drawn on May 18* at 5 months and discounted on July 30th 
at 3%. 

0. £2763. 5s. drawn on April 15 at 6 months and discounted on 
Aug. 18t at 21 7, 
_ How much cash would be obtained on discounting the following Bills? 

6. £317 drawn on Jan. 10% at 9 months, and discounted on May 12th 
at 25%. ; 

7. £1934. 4s. drawn on Feb. 20 at 12 months, and discounted on’ 
May 7 at 21.7, 


8. £3675. 11s. drawn on May 34 at 6 months, and discounted on 
Aug. 15 at 31%, : 


3. A bill for £746. 18s. 4d. drawn on June 8t» at 6 months is 
discounted on Aug, 12th at 35%. What is the discounted value of 
the bill ? 


10. How much eash can I obtain by discounting on Noy. 7» a four- 
months’ bill for £1031. 12s. 10d., drawn on Aug. 15, at 6%? 


. 11. The discount on £505 due in 3 months is £5. 1s. What is the 
discount rate ? 


AR. HS. QA 
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12. A man receives a four-months’ bill for £270; if he can imme- 
diately discount it for £267. 15s., what is the discount rate? 


13. If at 5 percent. £168. 8s. 9d. is accepted as present payment 
for a bill of £175, how long has the bill to run? 


14, In how many months’ time must a debt of £960 be due if it 
may be cancelled by an immediate payment of £947. 4s., the current 
rate of discount being 4%? 


15. What rate per cent. does a man get for his money when in 
discounting a bill due in 10 months he deducts as discount 4 % of the 
amount of the bill? 


16. If a three-months’ bill can be discounted at 24 %, what rate of | 
interest (correct to two decimal places) does the bill-broker get for 
his money ? 


Compound Interest. 


309. Money is said to be put out at Compound Interest 
when each instalment of interest as it becomes due is added to 
the principal instead of being paid over to the lender of the 
principal sum. In this case the principal is continually being 
increased, and the interest for each period is the interest on the 
Amount at the end of the preceding period. 


Thus, if £100 is put out at 5 per cent. compound interest, at the 
end of one year the amount is £105; this is the principal for 
the second year, and the interest on it is found to be £5. 5s.; thus 
the principal for the third year is £110. 5s., and so on. It follows 
that under this system the complete Compound Interest is the sum 
of the interests for the several periods; this is most conveniently 
obtained by subtracting the original principal from the final 
amount. Unless otherwise stated, interest is supposed to be pay- 
able yearly. 


Exampie 1. Find, to the nearest penny, the Compound Interest on 
£550 for 2 years at 4 per cent. 


£ Write down the principal; to 


1st principal 550 find the 1** year’s interest multi- 
1st year’s int. 22-00 ply the principal by Tao ; that is, 
9n4 principal 572° multiply by 4 and set down each 
Ona year’s int. 29:88 figure two places to the right, the 
Amount in 2 years 594°88 eins. fixed” tao ea 
Original principal 550 principal is treated in the same 
Interest required 44°88 way. Lastly, the original prin- 

Raat \ cipal is subtracted from the final 

£44°88 = £44. 17s. 7d., aie: 


to the nearest penny. 


XVIIL. | 


EXAMPLE 2. Find, to the 
Interest of £721. 11s. 7d. Jor 


I* principal 

1st year’s int. 
2nd principal 
2nd year’s int. 
oe principal 

3'4 year’s int. 
Amt. in 3 years 


£ x 
721579 | 17 
21647 | 37 
743 226 | 54 
22.296 | 80 
765-523 | 34 
22,965 | 70 
788-489. 


Thus req* amount = £788 489 
= £788. 9s. 9d., to the nearest penny. 


nearest penny, 
3 years at 3 per cent. 
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the Amount at Compound 


Hirst decimalize the prin- 
cipal correct to five places, 
rawing a vertical line after 
the 3' decimal figure. Then 
multiply the principal by 
Teo» beginning the multipli- 
cation at the first figure to 


the left of the line, 


and 


writing each figure in the 
result two places to whe 


right. 
as before. 


Add and _ proceed 


Since we begin multiplying at the 3'¢ decimal figure (marked with 


an asterisk), and place the resulting digit two places 


we retain five decimal 
the right of the line 


to the right, 


figures throughout the work. The figures to 


are only used for carrying purposes in order 


to secure a result correct to three decimal places, that is to the 


nearest penny. 


EXAMPLES XVIII. f 


(When not exact the answers are to be given to the nearest penny. ) 


Find the Amount at Compound Interest on 


1. £200 for 2 yrs, 
a £3750 mB) 2 ” 
5. £750 ,, 4 ,, 


at 5%. 
3%. 
a ee 


Find the Compound Interest on 
7. £225 for 2yrs. at 4%. 


D.. LT2B 5, Ai, 


3%. 


£2500 for 2yrs. at 4%. 
5%,. 
Lee 


£39005 'S! 5g 
£3300 ,, 4 ,, 


£425 for 3 yrs. at 4%. 
Siyae 


LESAGE OS eas 


Find the Amount at Compound Interest, on 


1]. £345. 15s. 
i dae. SATIRE 
13, £1243, 148. 3d. , 
14, $473,87 ; 


be 3 be) 
b 2 93 
Fi? 95 


for 2years at 4 per cent, 


372 . ARITHMETIC. [CHAP. 


310. When the rate per cent. is not integral the method of 
aliquot parts may be conveniently used. 


Thus for 33%, since 33=3+ 3+ 7, the multiplier at each stage may 
be used in the form 725+ 529+zgq and the work is done in three 
steps, viz. multiplication by 3, division by 2, and by 4, each result 


' being set down two places to the right. The third line may also be 


obtained in this case by taking half of the preceding line. 


Exameite. Find the Amount at Compound Interest of £257. 13s., for 
2 years 4 months at 3% per cent. 


£ 
257 65 
Br sees "72915 
ye ee OF Int. for , 
200" “| 1st year. Here, after finding the 
aoa 644 | I amount for the first two 
267°311 | 87 years, we regard the re- 
: maining 4 months as a new 
8°019 | 35 Tutti period at one-third of the 
1°336 | 55 Qnd year. rate per cent. per annum. 
"668 | 28 x of 33 = lt. Thus the 
277336 05 multiplier is zo0tazoo 
Int. for 
% of a year. 


Thus req? amount = £280°803 = £280. 16s. 1d. 


Notr. The above general method may be modified’ in special 
cases. Thus for 5%, we have ;35=a) and we only have to divide 
by 2, setting down the result one place to the right. Similarly 

FS NS | 

Of Name Sohne 

23 = 100 = 40 


311. Sometimes interest is paid half-yearly or quarterly. For 
example, banks usually pay interest half-yearly, while on most of 
the “ British Funds” the interest is paid quarterly. In such cases 
each half-year or quarter is to be considered as a separate period 
at the corresponding rate of interest. 


312. If £100 is allowed to accumulate at compound interest 
at 3% per annum, paid quarterly, after four quarterly periods, 
each at #%, it will be found that the amount is £103°033. Thus 
the four quarterly payments have the same effect as 3:033 % would 
have if paid annually. , 

Hence 3°033 % is called the effective annual rate of 3 % per 
annum, paid quarterly. 
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EXAMPLES XVIII. f. (Continued.) 
Find the Amount at Compound Interest on 
15, £5000 for 3yrs. ab 22%. 16, £4500 for 2yrs. at 41%, 
ATi: LATOR yh city 483% 18; SOTHO yp Bitlonsy 244%. 
19. £5016. 11s. 6d. for 2 years at 43 per cent. 
ZO SLC ae Sea eS 50 BE, 


Find the Compound Interest on 

21. £2000 for 25 yrs. at 5%. 22. £5620 for 24 yrs. at 4%. 
235. E3000 seaiae 25%. 24, £84T aoe TEM, 
25. £504. 13s. 9d. for 2 yrs. 4 mos. at 42%, 


Find the Amount at Compound Interest, payable half-yearly, on 
26, £320. 15s. in ly yrs. at 4%. 27, £5208 in Qyrs, at 5%. 
28: $16000.0 sy det 9, 45%. 29, .£100,0005,422 |, hy. 


30, If the interest is payable quarterly find what £250 amounts 
to in-1 year at 5 per cent. 


31. Find correct to three decimal places the ‘‘ effective annual rate ” 
corresponding to 


(i) a nominal rate of 10 % per annum, payable half-yearly. 


(i1) a Mg 5% ' ee quarterly. 
(iii) af a 25 vA a & quarterly. 


313. Let the rate per cent. be denoted by 7, and let £R denote 
r 
chs 
The amount of £P at the end of 1* yr. is £PR, 
93 f a re i227" PRR orf PR 
” ‘9 <P ” ” 3re ” LPR? x R, or £PR?, 
and so on. 
Thus for n years we have the formula 


n 
Amount of £P inn years= £PR"= £P(1 +75) . 

This formula gives another method of finding the amount at 
compound interest when the principal, time, and rate per cent. are 
given, When the number of years is large the formula can be 
very conveniently used with the aid.of Logarithms as explained in 
Chap. xxI. 


Note. The amount of £P=(Amount of £1) x P. 


the amount of £1 in one year ; then R=1+ 
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EXAMPLE. Lind the Amount of £273. 12s. for 3 years at 4 per cent. 
Compound Interest. 


ing tes 
100 100 
Hence required amount = £273°6 x (1°04)? 

= £273°6 x 1124864 , 

= £307°763, correct to 3 dec. places 


Here’ R=1-+ = 1-04; 


= £307. 15s. 3d. 
The work is given below. 
us | 
273°6 1°04 
1124864 10416 =z Hq OF 1°04 
ASRS Ae Sed N= 10816 =1°04 of 1:04=(1°04)2 
. 6 043264 = 14 5 of 1°0816 
5-472 1°124864 =1-04 of (1°04)2=(1°04)8 
1094 | 4 In order to obtain a final result 
"218 | 9 true to 3 places of decimals, it is 
"016 | 4 evident that in this case all six 
oe VOLE decimal figures in the multiplier 
307°763 _ 1124864 must be retained. 


Nore. If the interest had been at the rate of 4% for the first 
2 years, and 5 % for the last year, we should have used the formula 
A=Px (1:04)? x 1°05. 


Unless the data are very simple such cases are best dealt with by 
logarithms. 


314. All inverse cases of Compound Interest are most con- 
veniently solved by the formula of the last article. The only 
case we shall here discuss is that in which the amount, rate, 
and time are given and the principal is required. The other cases 
cannot be satisfactorily discussed without the aid of logarithms. 
Some of these will be found in Chap. xx1, 


EXAMPLE 1. What Principal will amount to £307. 15s. 3d. in 3 years 
at 4 percent. Compound Interest ? 
Since Amount of £P=(Amount of £1) x P 


__ given amount 
~ amount of £1 


Here given amount= £307. 15s. 3d. 
; = £307 °7625 ; 
and amount of £1=£1°124864, as in Art. 313. 


it follows that 
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__ £307 °7625 273°6 
~ £1°124864 11124864 ) 307-7625 
—273°6 : 82 7897 
4 0492 
that is, the required principal is £273. 12s. 6746 


Here £273. 12s. is the true Present Value of £307. 15s. 3d. due in 
3 years at 4 percent. compound interest. If the term Present Value 
is used in connection with compound interest it is always in this sense. 


Exampie 2. Find the difference between the Simple and Compound 
Interest on £3500 for 2 years at 4 per cent. 
Whether interest is simple or compound, we have 
Interest on £P = (Interest on £1) x P. 
Hence the difference between C.I. and 8.1. on £P 
=P times the difference between C.I. and 8.1. on £1. 


Now at 4% for 2yrs., Sirk 
Comp. Int. on £1=£0:0816. 04 
Simple Int. on ele Lx stoi seas 
— £008 1°0816 
*. the diff. between C.I. and S.Ion £1 =£0-0016 
» 39 as £3500 = £0°0016 x 3500 
Zo =O 
= 5125. 


Notr. It easily follows that the converse question is solved by 


the formula _ difference on £P 


~ difference on £1 


EXAMPLES XVIII. g. 


By the method of Art. 313 find the Amount at Compound Interest of 
1, £387 in 2 yrs. at 3%. 2. £873. 8s, in 3 yrs. at 4%. 
3. £953. 15s. 6d. in 3 yrs. at 5%. 
Find, to the nearest pound, the Principal which at Compound 
Interest will amount to 
4, £296 in 2yrs. at 3%. 5. £340°95 in 3 yrs. at 3%. 
£3244, 188. in 2yrs. at4%. 
£5343. 28.30. 553 55° 4%. 
£8920, 38, Baia 8 BY, 
L270. Wer awd yy *§ OEY, 


OND 
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Find, to the nearest penny, the Present Value of 


10. £300 due in 3 yrs. at 4 % compound interest. 
11. £850 sy) sik de 3 3 
12. £2000 Syl: (BROGAN tector. a 55 
3.7 £6027. 176. 6d,' ,, 2 Magee en, , fs 
44, £3925. 58. 4d. 45 BEd, “Re " oy 


Find the amount in 2 years at compound interest of £250 if 
the rate is 4 per cent. for the first year and 8 per cent. for the second. 


16. At 5 percent. for 25 years, prove the formula 
A=P x (1°05)? x 1025. 
Hence find the Present Value (to the nearest pound) of £22050 due 
in 24 years at 5 per cent. 


17. What sum would in 3 years amount to £2811. 18s. at compound 
interest if the rate were 3 p.c. for the first year, 4 p.c. for the second 
year, and 5p.c. for the third year ? 


18. Prove that at 35 p.c. for-2 years the amount at compound 
interest is approximately 1°07123 times the principal. 


19. Prove that at 5 p.c. for 3 years the compound interest is 
approximately 0°15763 times the principal. 

Hence find, to the nearest pound, the principal which in 3 years at 
5 p.c. compound interest will be increased by £50. 


20. ‘The census is taken every ten years, and it is found that the 
population of a certain town is greater each census by 12 p.c. of the 
population at the preceding census. If it was 37632 in 1901, what was 
it in 1891, and in 1881? 


21. The population of a town was 347865. It then increased by 
20 per 1000 one year, 25 per 1000 the next, and 30 per 1000 in the third 
year. What was the population at the end of 3 years, to the nearest 
hundred ? 


Find to the nearest penny the difference between the Simple and © 
Compound Interest on 


22. £3125 for 3yrs. at 4%. 23. £1000 for 4 yrs. at 4%. 
Da e2400.',, 3 .,, Bal ea eeenO,, | 2° eee 


96. £7545.10s. for 2 yrs. at 4% per annum, interest being paid 
half-yearly. 
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27. ‘The difference between the simple and compound interest on 
a certain sum for 2 years at 5 per cent. is 12s, What is the sum ? 


28. On what sum of money would the compound interest for 3 years: 
at 4 per cent. exceed the simple interest by £15. 4s. ? 


29. The simple interest on a certain sum for 2 years at 3 per cent. 
is less than the compound interest on the same sum by £3. 7s. 6d. 
Find the sum. 


30. On what sum of money would the compound interest for 3 years 
at 5 per cent. exceed the simple interest by £388. 2s. 6d. ? 


_3l, A man buys a farm and buildings valued at £26383. 6s. 8d. 
and pays £13000 down. Find what additional sum he ought to pay 
at the end of two years reckoning compound interest at 31 per cent. 
per annum. g 


32. A man saves £4000 a year, which he invests at the end of 
the year at 5% compound interest, Find, to the nearest pound, the 
amount of his savings at the end of the 5t® year. 


33. A man borrows £200 at 5% compound interest. At the end 
of each year he pays back £50. How much does he owe at the end 
of 4 years? 


34, In a certain factory the machinery and plant were valued at 
£2400. If it is supposed to depreciate it each year at 123% of the 
value at the beginning of the year, find (to the nearest pound) what 
its value would be after 4 years. 


Graphical Illustrations. 


315. If interest is at 4p.c. per annum we have the following 
formule giving the amount of £1 at the end of n years : 


_ When the interest is simple, 


4n : s 
A=1+759 eee eeeoees fiaen Siete spenartze dats «(1 ); 


When the interest is compound, 
PE OA) ay iets An (11). 


Since in (i) the quantities A and 7 are connected by an equation - 
of the first degree, the graph is a straight line [Art. 256]. In 
this case we can select numerical values for A and nm at discretion, 
and draw the graph. For this purpose two pairs of corresponding 
values will be sufficient. [Art. 257.] 

In (ii) the graph will be some curve the nature of which cannot 
be recognised from the equation. Moreover, as one of the variables 
occurs as an index, simultaneous values of A and» cannot be 
conveniently obtained from the equation. 
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The comparison between the values, in successive years, of the 
amount of £1 at simple and compound interest at 4 p.c. per annum 
can be illustrated graphically as in the following exaiple. 


Examete. The following details, taken from “Interest Tables,” give 
approximately the amount of £1 at 4p.c. for different periods. 


0 | 5 | 10 | 15 | 2 | 2 | a | a | 


Re: | 1 | 1-20 | 1-40 | 1-60 | 1-80 | 200 | 2-20 | 2-40 | 


No. of years 


Amt at O.1. | 1 | 122 148 | 180 | 219 | 2-67 | 3-24 | 3:95 | 


Illustrate these data graphically, and use the graphs to find the 
amount of £100 in 28 years, (i) at simple, (ii) at compound interest. 


Also find from the graphs in how many years a sum of money will 
double itself, (i) at simple, (11) at compound interest. 


In Fig. 13 on the opposite page the years are marked on the 
horizontal axis, 0°] of an inch being taken to represent 1 year. On 
the vertical axis 1 inch is taken to represent £1. On this scale tenths 
of the unit can be marked and read accurately, and hundredths can 
be judged with a fair degree of accuracy. 


. Since when n=0, A=1, in each case, both graphs pass through the 
point (0, 1), and it is convenient to take this point as the origin. 


After plotting the points given by the table the graphs will be found 
as in the diagram. The straight line OP gives the amounts at simple 
interest of £1 for different periods, and the curved line gives the 
corresponding amounts at compound interest. 


When n=28, from the 8.1. graph we have A=2°12, and from the C.I. 
graph A=3°00. 

Thus the amount of £100 in 28 years is £212 at simple interest, and 
£300 at compound interest. These results will be found correct to the 
nearest pound. 


Again, when A=2, in the graph OP, n=25; 
PPE eae vca es to anscn Sek S eeeenn OQ, n=17°7, approx. 


Thus a sum of money doubles itself in 25 years at simple interest, 
and in about 17°7 years at compound interest. 


Norr. The simple interest graph being linear can_be produced 
indefinitely beyond P, and thus can be used to read off amounts for 
any number of years. In the case of the compound interest graph the 
form of the curve is not known beyond the limits of the diagram ; thus 
for purposes of comparison between simple and compound interest the 
graphs can only be used for periods not exceeding 35 years. 
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_ Fig. 13. 


316. When a sum of money is at simple interest at a given 
rate per cent. for any number of years, we have in all cases 


Amount = Principal + Interest, 


where ‘Principal’ is constant, and ‘Interest’ varies with the 
number of years. Hence the variations of Amount and Time may 
always be represented by a linear graph in which ~ is taken to 
denote the number of ‘years, and y the number of pounds in the 
corresponding Amount. The equation of the graph will be of 
the form y=P+asz, where P is the number of pounds in the 


iat which has 


principal sum, and a@ is a constant, namely PX Too 


the same value as long as P and 7 remain the same. 
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EXAMPLES XVIII. h. 
1. From the figure on page 379 find as accurately as possible 


(i) the amount of £1 at 4% compound interest in 34 years ; 


_ (ii) the difference between the simple and compound interest a 
the end of 27 years ; 


(iii) after how many years the compound interest is approximatel, 
the same as the simple interest at the end of 20 years ; 


(iv) after how years the difference between the sim le and com 
Viet Pp 
pound interest is approximately £1. 4s. ; 


(v) the present value of £247 due in 23 years at 4 p.c. compoun 
interest. 


9. From the following table draw graphs to shew the amounts a 
simple and compound interest of £1 at 5 p.c. for different periods. 


No. of years 0 | 5 | 10 | 15 | 20 | 25 | 30 | 35 


fmt at ST. | 1 ies | 1°50 | 1-75 | 2-00 | 2-25 | 250 | 2-15 


aeat C1. | 1 | 1-28 | 1-63 | 2:08 | 2-65 | 3:39 | 4°32 | 5°52 


From the graphs shew that the difference between the simple anc 
compound interest on £10 at the end of 23 years is approximately £9.~ 


Find also 
(i) the amount at compound interest of £100 in 26 years ; 


(ii) in how many years the accumulated interest on £100 wil 
amount to £400. 


3. If £y is the cash payment for a sum of £x after discount a 
121% has been deducted, find the relation between y and x. Shev 
that the graph may be conveniently drawn by joining the point (0, 0 
with the point (40, 35). 

From the graph read off the cash payments for bills of £2. 8s. and 12s 
a ape what amounts can be settled by cash payments of 17s. 6d. an¢ 

. 4s. 6d. 


4, Two sums of money are put out at simple interest at differen’ 
rates per cent. In the first case the amounts at the end of 6 years anc 
15 years are £260 and £350 respectively. In the second case the 
amounts for 5 years and 20 years are £330 and £420. Draw graphs 
from which the amounts may be read off for any year, and find the 
year in which the principal with accrued interest will amount to the 
same in the two cases. Also from the graphs read off the value of eack 
principal. 


CHAPTER . XIX. 
a STOCKS AND SHARES. 


317. WHEN a Government requires more money than can be 
obtained by taxation, it invites the public to contribute to a Loan. 
Such a Loan is raised on special terms, which in their simplest 
form may be stated thus: 


The Government undertakes to pay a fixed rate of interest 
(say 25 per cent.) on the money lent, so long as the loan exists. 
Sometimes the Government names a date for the repayment of 
the loan : sometimes it names no such date, but reserves the right 
of repaying the loan at any time convenient to itself. 


318. The lender of £100 is said to hold £100 Stock; and 
this stock secures to him the rights named above, viz. (i) income 
at the stipulated rate, and (ii) repayment of principal if, and when, 
_ the Government cancels the debt. “But in any case a lender cannot 
at will recover his money direct from the Government. The Stock 
held is nothing more than a title to an annuity, or annual income, 
the amount of the annuity being a fixed percentage on the amount 
of stock held. 


319. Though the original lender cannot at his discretion claim 
repayment from the Government, he can sell his stock to some 
other person, who, in return for a cash payment, will then become 
entitled to the income and other rights attaching to the stock. 


$20. The cash value of stock varies from time to time owing 
to political and commercial causes; so that the price at which 
a holder sells his stock will not necessarily be the same as its 
nominal value. Thus the holder of £100 stock may be able to 
sell it for no more than £94 cash ; or again, in other circumstances 
he may find buyers willing to give as much as £105 cash. In the 
former case the stock is said to stand at 94, in the latter, at 105. 


321. If £100 stock will fetch £100 cash, the stock is said to 
be at par. Stock standing at 94 is said to be at 6 discount, or 
6 below par ; and stock at 105 is at 5 premium, or 5 above pay. 
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322. Stock is not necessarily bought or sold in exact multiple 
of £100. For example, a holder of £2000 Government 2% per cent 
Stock may sell any portion of it (say £1126 stock), thus conveyin 


to the buyer a part of his income proportional to the amount c 
stock transferred. 


323. The British Funded Debt (that is, the debt whic 
the Government is not obliged to pay off at any fixed time 
consists chietly of Consols, viz. Consolidated Annuities, at th 
rate of £25 on every £100 stock. This Funded Debt is sometime 
known as The Funds. 


Nott. The term Consolidated implies that debts contracted a 
various times and under different conditions have been amalgamatec 
into a single debt, and brought under the same terms. Up to 1888 
Consols bore interest at the rate of 3 percent. In that year thi 
Three per cent. Debt was cancelled and its place taken by a nev 
Debt bearing 23 per cent. interest till 1903, and afterwards 2? per cent 


324. Money used to establish and work a business is calle¢ 
Capital. Large industrial undertakings such as Railways, Docks 
Water-works, generally raise the required capital by issuing stock 
in the manner described above ; and the purchasers of the stock 
form an association called a Joint Stock Company. In most 
instances the interest on such stock is not at a fixed rate, but 
results from periodical divisions of profits. Profits divided 
amongst stock-holders are called dividends; this term is alsc 


applied to the fived interest payable on Government and other 
stocks. 3 


Notr. Large Companies such as Railways often issue stock in 
three classes, Debenture, Preference, and Ordinary Stock. On the 
first two the dividends are fixed, and are respectively the first and 
second charge upon the profits. The remaining profits, if any; are 
then applied as dividends on the Ordinary Stock. 


In Art. 327 we shall explain the way in which stock is bought 
and sold, and the commission (called brokerage) charged by the 
agents who transact such business. In the following examples it 
is for the present supposed that all agents’ charges are allowed 
for in the quoted prices of stock. 


Exampue 1. If £755 Metropolitan 25 p.c. stock is sold at 77 + what 
does the seller obtain ? 


Here £100 stock is worth £772 cash : 


a b 
é 1 785 
. £755 stock 2 L77z X Too cash 
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Nors. It should be noticed that the given percentage by which 
the nature of the stock is described does not affect the work. The 
question might be stated briefly thus : 


What is the cash value of £755 stock at 774? 
or, What is the cost of £755 stock at 774? 


ExameLe 2. How much Railway 4 p.c. stock (correct to the nearest 
penny) at 109% can be bought for £1500? 


Here £1500 is cash, and £100 stock costs 1092. 


Since £109: cash buys £100 stock ; 
1500 
*, £1500 cash ,, +£100.x —— stock. 
1093 
Ana SOs e100 x 
1092 439 


= £1366°743, correct to 3 decimal places, 
= £1366. 14s. 10d., to the nearest penny. 


Note. A purchaser who spends £1500 in buying a certain ‘stock 
is said to invest £1500 in that stock. The above question might be 
stated thus: 


A man invests £1500 in stock at 109%; how much stock does he bay ? 


EXAMPLES XIX. a. 
What is the cash value of : 
1, £2800 stock at 94? £2, £3750 stock at 102? 
#3, £4120  ,, 92k? 4: £4084 9 ag Re? 
v5, What is the cost of £4715 India 3 p.c. stock at S742 
~ 6. How much cash will be obtained by selling £462. 10s. Railway 
4 p.c. stock at 105? 
Find the amount of stock which can be bought for 
7. ‘£496, price 124. 8, £2527, price 95. 9, £3900, price 974. 


- 10. What amount of 35 p.c. Corporation stock at 975 can be bought 
for £1560? 


“11, How much 4 p.c. stock can be bought for £621 when the quoted 
price is 35 p.c. above par? / 

12. A man invests £4690 in 24 p.c. Consols at 832; how much 
stock does he buy? 

A3, What will £2880 of 27 p.c. stock sell for when the price is 
at a discount of 5 p.c.? 
vl4, At what price will £3220 buy £3500 stock ? 


—15. I spend £228 in buying £285 stock: what is the price of the 
stock ? 


wi ¥ Neb 


f ~ 
‘ . ~ 9 
. aes dl 
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xen 


Find to the nearest pound 
~16. The cash value of £855 Consols at 833. 
$17. How much stock at 102% can be bought for £1000. 
“18. The price of stock when £560 stock can be bought for £480. 


Find to the nearest penny 

19, The proceeds of selling £2912 stock at 943. 
20. The cost of £5782 Preference stock at 1255. 
J 21, The cash value of £3572 stock at 1095. 


Exampie 3. If £4800 India 3 p.c. stock is bought at 87 and sold 
at 913, what profit is made on the transaction ? 


Here £100 stock is bought for £874 cash and sold for £91% cash. 


Hence on £100 stock the profit is £44 ; 
£4800 alock Capped we or £204. 
100 
EXAMPLE 4. A man invests £5500 in 5 p.c. Railway stock at 139, 
and sells out at 1423; find, to the nearest penny, how much cash he 
gets by the sale. 
Here the given sum £5500 is cash to be invested. 


Now £139 cash buys stock afterwards sold for £1425 cash. 


. £5500 cash 95 33 < £1424 5 X eee 


And £1425 x 5500 ese ‘489... = £5638. 9s. 9d. 

Notre. The pupil should observe a it is not necessary here to 
find how much stock was bought, in order to find for how much cash 
uw was sold. 


EXAMPLES XIX. a. (Continued.) - 


22. How much is lost by buying £780 stock at 107 and selling it 
at £102? 
23. How much should I gain by buying £650 L. & N.W. Railway 
stock at 138} and selling it at 1414? 


94, If £750 is invested in stock at 131+ and the stock is sold out at 
133, find the proceeds of sale. 


25. I invest £455 in 3p.c. stock at 105; how much cash shall I get 
by selling out at 102? 


26. How much is lost by buying £2500 India 34 percents. at 99%; 
and selling them at 944? 
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~ 27. How much shall I gain by investing £1187. 10s. in 43 p.c. 
Debentures at 142} and selling them at 147? 


- 28. If £3720 stock is bought at 1013 and sold at 1074, find the 
profit, to the nearest penny. 


v 29. Find to the nearest penny how much was lost by investing 
£1642 in 4p.c. Railway stock at 129 and selling at 125. 


325. In the following examples the chief point to notice is the 
difference between holding and buying stock. Thus a man holding 
3p.c. stock receives an income of £3 on every £100 of stock held ; 
while a man buying 3p.c. stock at 91 purchases an income of £3 
with every £91 of cash invested. 


EXAMPLE 1. A man holds £5640 of 45 per cent. stock at 94 ; find his 
wucome. 


[As we are considering the income derived from stock already in 
possession, the price at which such stock might be bought or sold does 
not affect the work. ] 

On £100 stock he gets an income of £43. 
ow a 5640 , ~ 
. on £5640 stock * ¥ £44 x Too? °F £253. 16s. 


j ae is 1 - 
EXAMPLE 2. A man invests £5640 in 45 percent. stock at 94; find 
his income. 


| Here the given sum £5640 is cash, with which stock is to be bought. 
And every £94 cash buys £100 stock, namely the right to an income 
of £41. | | 

Here £94 cash will purchase an income of £45. 


= 
. £5640 cash : i £42 , 2040 O. ¢070, 


EXAMPLES XIX. b. 


Find the income derived from holding 
1. £3400 of 3% stock. %2, £3825 Consols (24 %).¥ 


‘a ~ aI . 
v3, £2450 of 5¢ % Railway Preference stock. 


Find the income derived from investing 
4, £1188 in 3 %, stock at 81. “ £3840 in 4 % stock at 96. 


¥6, What income will be derived from £967. 10s. laid out in buying 
oper cent. stock at 1072? 
“7, A man invests £11636 in 3p.c. stock at 104, and £11000 in 
45p.c. stock at 143. From which source is his income the greater, 
and by how much ? : 
AR. HLS. 2B 
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“8. I invest £5000 in 4 p.c, stock at 125; find my half-yearly 
income after income tax at ls. in the £ has been deducted. — 


/9. When the income tax was at 14d. in the £, a man invested 
£400 in 33 p.c. stock at 113, What was his net half-yearly dividend? 
Find fo the nearest penny 
“10. The income derived from holding £786 in a 27 p.c. stock. 


“11. The income derived from an investment of £3750 in 44 p.¢. 
Debenture stock at 140. 


“12. The income derived from laying out £500 in the purchase of 
2% p.c. Consols at 82}, Bes 


EXAMPLE 3. If the current price of a 4 per cent. stock is 1054, find 

(i) how much stock a man must hold to derive from it an income 
of £280 ; 

(ii) how much cash he must invest to secure an income of £280. 


(i) £4 zrcome is derived from holding £100 stock ; 


, 280 
. £280 zncome Bs 5 £100 x “7 ne £7000. 
(ii) £4 encome is derived from investing £1054 cash ; 
2 
“. £280 income “ €, | £105} x=, or £7386. 


_Exampie 4. What rate per cent. is obtained for money invested in 
Railway 44 p.c. stock at 1221? 

Here £1223 cash buys an income of £41 ; 
100 
. £100 cash 55  tmcome of £44 x ——, 

z "199% 

That is, income is obtained at the approximate rate of 3°67 per cent. 

on the money invested. 


or S83 Hise 


Exampie 5. Which of the following stocks yields the better income to 
an investor: 3 per cent. stock at 87, or 4 per cent. stock at 115? ; 
Compare the incomes obtained by investing ¢he same amount of cash 
(say £100) in each stock. 
Then, as in the last example : 
: 0 
income on investing £100 in 1st stoek= £8 x a 
/ 
=£3°45 (approx. ), 
100 
115 
¥: = £3°48 (approx.). 
Hence the 24 stock pays the better income by 0:03 per cent. of the 
cash invested. 


income." 5-0 we £100 ,, 224 stock = £4 x 
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EXAMPLES XIX. b. (Continued.) 


13. From how much India 3 p.c.. stock would an ineome of £8] 
be derived ? 


14. How much Railway 45 p.c. stock must be held to secure an 
income of £297 ? 


15, What sum invested in a 5+ p.c. stock at 110 will roduce an 
z | B 
income of £60? 


—16. A man receives £24. 3s. from North-Eastern Railway stock 
which pays a dividend of 53 p.c. How much stock does he hold? 


: 5 ’ Pay ° 
“17. How much must be invested in 54 p-c¢. stock at 115% in order 


to secure an income of £80. 13s. 4d. ? 


~ 18, How much must be invested in 53 p-c. stock at 1414 so that 
aiter paying income tax at 1s. 2d. in the £1 the net half-yearly dividend 
may be £17. 12s.? 

[Since 14d. is deducted from every pound, the net annual income on 
£100 stock is £55 x $76. ] 

19. If my annual income from 25 p.c. Consols is £35. 7s. 3d., find 
how much stock I hold. 


™20. Find to the nearest pound what sum must be invested in 3 Dc. 
stock at 104 to obtain an income of £200. 


“2. After deducting income tax at ls. in the £ I have an income 


Le 


of £77. 18s. a year derived from 4} p.c. stock which stood at 1322 


“ 


at the time of purchase. Find to the nearest pound how much I 
invested. 


VY 22. What rate per cent. is obtained by investing in 44 p.c. stock 
at 907 


_~ 23, What interest shall I get on my capital by investing at 125 in 
_ a stock which is paying a dividend of 32 p.c.? 


_ Find, correct to two places of decimals, the rate per cent. of interest 
obtained by investing 


424, In 5s p.c. Preference stock at 145, 
- 95. Ina.34 p-c. stock at 783. 
¥26. In 4p.c. Railway stock at 1192. 


Which of the following stocks yields the better income, and by how 


much per cent.? [Answer to two decimal figures. | 


27. A 3 p.c. stock at 85, or 4 per cents. at 96? 


© 28. A 4p.c. stock at 126, or a 34 p-c. stock at 108? 


v 29, A 5p.c. stock at 140, or 6 per cents, at 174? 
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sit 30. Which is the more profitable investment, 4 p.c. Preference stock 
at 108 or 4} p.c. Debenture stock at 117? By how much would 
incomes derived from investing £702 in each differ from one another ? 


31. A man invests a certain sum in 3 p-c. stock at 81, and another 
invests the same amount in 4 p.c. stock at 112. The difference in 
their incomes is £2; find the sum invested. 


~ 32. A’s income is derived from a certain amount of 3% p.c. stock 
“A at 1223; B’s income is derived from an equal amount of 24 p.c. stock 
‘at 921. lf A’s income exceeds B’s by £10, what amount of stock do 
they each hold ? . 


33. At what price must 4 p.c. stock be bought so that an investor 
may get 5 p.c. for his money ? 

[ What is the price of 4 p.c. stock when £100 cash invested in it produces 
an income of £5 7] 


34. At what price must I buy 2? p.c. stock so as to get 25 p.c. 
or my money? 

35. An investor in 45 p.c. stock finds that he is getting 6 p.c. for 
his money. At what price did he buy ? 


~ 36. At what price must 3 p.c. stock be bought if an investment 
of £1600 produces an income of £50? 


3/, Find the price at which £2400 was invested in By p.c. Preference 
stock, if the income derived is £120? 


~- 938, What is the price of By p.c. stock when a man investing £2353 
in it obtains an income of £95. 6s. 8d. ? 


39. Aman bought American Railway stock paying 6 p.c., and after 
paying income tax at 10d. in the £, he got 5 p.c. for his money, At 
what price did he buy ? ° 


“ 40. The yearly dividend to an investor was £21. 7s. 6d., and this 
was 4°45 p.c. for his money; find, to the nearest pound, how much 
cash he gave for his stock. 


41, A fund is being raised to provide a Scholarship of £60 a year. 
If the necessary income is to be derived from an investment in 23 p.c. 
Annuities at 92, find, to the nearest pound, how much must be collected 


from the subscribers to the fund. 


326. In the preceding examples we have dwelt upon the dis- 
tinction between holding stock and investing money (or cash); and 
we have illustrated by examples of a simple kind (i) the buying 
and selling of stocks, (ii) the income derived from stock held or 
cash invested, (iii) the rate per cent. (or “ yield”) to an investor at 
different prices. These cases cover all the main principles of the 
subject, and for the sake of simplicity we have supposed that 
agents’ charges and other incidental expenses have been allowed 
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for in the prices of the stocks quoted. We have now to explain 
how the buying and selling of stocks are effected in actual practice ; 
it will be seen that though modifications in detail are introduced 
into the working of examples, no new principle is involved. 


327. Brokerage. The transfer of stocks from one holder to 
another is effected through the agency of a Corporation known as 
a Stock Exchange, the members of which are either Stock-Dealers 
or Stock-Brokers. The former undertake the actual purchase or 


sale of stocks, while the latter act simply as agents between the 
Dealers and private clients. 


The prices quoted against each stock usually name two prices. 
Thus the statement “Congols 847-851” means that the Dealers 
are prepared to buy Consols at the lower price, or to sell them at 
the higher. The difference (in this case £3) represents the Dealer’s 
profit on each £100 of stock. 


$28. The Brokers buy stock from or sell it to the Dealers on 
behalf of their private clients, from whom they obtain a brokerage, 
or commission, for their services. 

Speaking generally, the Broker's charge on all British or Foreign 
Governinent stocks ig 2s. 6d., or £1, on every £100 stock. On 
Colonial and Corporation stocks the charge is 5s., or £4 per £100 
stock. In each case the brokerage is calculated as a percentage on 
the nominal par value of the stock. 

In this sense, the Broker’s charge is usually quoted “ brokerage 1” 
or “brokerage 1,” the words “ per cent.” being omitted. 

For example, if a man is buying Consols quoted at 853, then for 
every £100 stock bought he pays £85 to the Dealer and £E to his 
Broker ; that is, he buys at 854 +4, or 852. 

If he is selling at the same price, for every £100 stock sold he receives 


R £854 from the Dealer, but pays £4 to his Broker ; that is, he sed/s at 
6855 -—%, or 852. 


Thus to a buyer the brokerage cnercases the price, 


while ,, seller fe diminishes  ,, 


329. For Railway and other stocks the charge commonly 
ranges from 5s. to 10s. per cent., and is calculated not on the 
nominal par value but on the actual cash value Jor which the stock 
is bought and sold. 


In this sense the Broker’s charge is quoted ag C4 per cent.,” 


or “I. per cent.,” the words “ per cent.” being retained. In this 
case it has to be calculated as a Separate item and not as an 
addition to or deduction from the price of the stock. 
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Thus if a Broker received instructions to buy £500 Railway stock at 
1038, and the brokerage was } per cent., the account to the client 
(known as a “Contract Note”) would be presented somewhat as 


follows: 
April 8, 1908. 


We have this day bought, as per your order, subject to the Rules, 
Regulations, and Customs of the London Stock Exchange, 


Bi: eA ee 

£500 Railway stock at |1033| 518. 2. 6 
Brokerage 5h 2. Ieee 

520 . 14 4 


Nore. The above Scale of Commission is officially recognised by 
the London Stock Exchange, but the usage we have explained, though 
correct in theory, is subject to various modifications in practice. For 
instance, on Government and Colonial stocks brokerage ‘‘2 or 4+ per 
cent. on the nominal par value” is sometimes charged on each £100 
stock or part of £100 stock. Again, in addition to brokerage there 
_ are other incidental charges, some of which enter into every statement 
of account from broker to client. As some of these are fixed and others 
variable they must necessarily occur as separate items in the account. 
For these reasons brokers find it convenient to put a// their charges 
down separately, even in those’ cases in which the brokerage could 
theoretically be included in the price of the stock as in Art. 328. The 
method of that article will, however, be used in some of the examples 
which follow. 

As a rule brokerage alone will be considered ; in a few cases in which 
we shall introduce extra charges, the wording of the examples will 
make their meaning clear. 


ExameLel. J invest £1200 in 4 p.c. Colonial stock at 103}, and after 
receiving a half-year’s dividend, I sell owt at 106. Find to the nearest 
penny my total gain, reckoning brokerage + in each transaction. 

On buying, the price of £100 stock is 1031+ 4, or 103} ; 
On selling, ,, S », 106-14, or 105%. 
. gain on buying and selling £100 stock = £21, 
half-year’s dividend on £100 stock = £2 ; 
. corresponding to every £100 stock the total gain is £44, 


Hence on an outlay of £1034 the gain is £4} ; 


92 y 
‘6 £1200 be gale oes 
1035 
and £44 x wesw £49 °275... = £49. 5s. 6d. 


103}. 


ta lice 


it has risen to 914 he sells out and re-invest 
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EXAMPLE 2. A person invests £9075 in 3 p.c. stock at 902, and when 
8 in 3} p.c. stock at 972; find 
the change of income, brokerage 4 being charged on each transaction. 

(i) Each £100 of the 1s* stock costs £(902 +1), or £903 cash. 


Hence £902 invested in 1st stock buys an income of £3 ; 


we, BOOTS ae: 2 > £3 x 2075 oy £300, 
908 
That is, the first income is £300. 


« (ii) On selling, each £100 of 15* stock produces £(914—+), or £91 cash. 
Thus stock bought for £902 sold for £91. 


¥ Beer 5. S01 x oe or £9100, 
Acar 
That is, the first stock realizes £9100. 
(iii) The price to a buyer of Qua stock = 972 +2=974. 
Hence £971 invested in 24 stock buys an income of £353 


9100 
“. £9100 se rx 7 5 £32 x 
2 o7a 


, or £3265. 
Thus the gain of income is £26. 13s. 4d. 


EXAMPLES XIX, c. 


(In the following examples we shall use. the abbreviations [ B, +, 


[B, 3 per cent. | ¢o indicate <‘ brokerage £” and ‘brokerage 4 per cent.” 
respectively. ) 


+ j. How much cash would be obtained by selling £6785 stock at 
1057? [B, +.] 


2. How much must I pay for £2750 stock at 905? [B, + | 


¥ 3, How much stock at 1014 can be bought for £3552. 10s.? [B, +. | 
4. The proceeds of the sale of 34 p.c. stock at 937 amounted to 
£6844, 13s. 9d. Find the amount of stock. [B, 4.| 


wd 5. Find to the nearest penny the cost of £5782 stock at 1254. 


[B, tJ 


6. If £250 Consols are bought at 912 and afterw 


ards sold at 90% ; 
how much is lost ? [B, = 


oO 
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7, A man invested £3500 in 35 p.c. stock at 1043; after receiving 


one half-yearly dividend he sold out at 108}; find the total amount 
gained. [B, }.] 

8. Ii I invest £4380 in 2s p.. Consols at 914, what shall I gain 
by selling out at 932, after receiving one quarter’s dividend? [Bs z .| 


wo" 9, What i GATS would be derived from investing £4200 in 2? p.c. 


stock at 961? [B; 2 cS 


10. How much money must be popsted in 3f p.c. stock at 1032 
to produce an income of £400? [B, + if 


“ 11. Find to the nearest pound how much must be invested in 4 p.c. 


stock at 1038 to raise an income of £275. [B, 2] 


12. Find to the nearest pound how much must be invested in 3 p.c. 
stock at 1034 [B, 4] to produce a net income of £500 a year, after 
deducting income tax at 14d. in the £. 


“13. At what price must 4} p.c. stock be bought to yield an income 


at the rate of 5p.c.? [B, t| 


14. Calculate tie pe of 25 p.¢. Consols when £8670 can be bought 
for £8019. 15s. [B, # 


* 15. A man holding £6000 of 8 p.c. stock sells it at 917, and with 


the proceeds buys 4 p.c. stock at 1293. What is his loss of income? 


[B, ¢-] 


- «7 16, A holder of £5500 of 35 p.c. stock sells out at 914 and invests 


the proceeds in a 4 p.c. stock at 101. If the brokerage is } for the 
first stock and + for the second, find the change in his income. 


17. A man invests £1426 in 5 p.c. stock at 1143: he sells out at 
125+ and invests in 3 p.c. stock at 923 ; find the change in his income. 


[Ba] 
18. I invest £1365 in 3 p.c. stock at 90%, and sell out £1000 of the 


stock when One price has risen to 932, and the remainder when it 
has fallen to 85:. How much do I lose by the transaction ? [Bs a .| 


w 19. I invest £4340 in 35 p.c. stock at 1082, and sell out when 


the price has risen to 1104. With the proceeds I buy stock at 1203. 
If the latter pays dividends at the rate of 5} p.c. find the increase 
in my income, brokerage being 4 for the first, and + for the coe 
stock. 


20. A man invests £26180 in 3 p.c. stock at 934, but shortly after 
Sells out half of it at 921 x; and with the proceeds buys 4 p.c. stock at 
963. Find to the nearest penny the difference in his income. [B, + ie .| 
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[Before working Examples 21-27 the pupil should read Art. 329. ] 


21. What is the cost (including brokerage } per cent.) of £500 
Mexican Railway 4} p.c. Debenture ‘stock at 95? 


22. <A man instructs his broker to buy £500 Railway stock at 1283, 
and £500 National Telephone Deferred stock at 1112. What is the 
total cost? [B, 2 per cent. | 


23. I buy £800 Consols at 91 [B, ai, and sell £650 Railway stock 
at 110? [B, 3 per cent. |]. How much is due from me to my broker ? 


24, I sell £2375 Railway stock at 125 [B, 3 per cent. |, and buy 
£4000 India 31 p.c. stock at 973 [B, 2]. How much do I owe my 


broker for the whole transaction ? 


25. If I sell out £3600 of 25 Consols at 892 [R, +| and instruct my 


_ broker to buy £2700 of 4p.c. Railway stock at 1193 |B, 2 per cent. |, 
aud p y 2 a 


find how much is due to my broker. 


26. What is the broker’s account for the purchase of £400 National 
Telephone Co. Preferred stock at 1033, if the brokerage is } per cent., 


and other charges are as follows: Contract Note Stamp ls., Regis- 
tration Fee 2s. 6d., and Transfer Stamp £2. 5s. ? 


27. <A client instructs his broker to buy 
(i) £300 India 3% stock at 93 [B, 4]; 
(ii) £400 Transvaal 3 % stock at 954 [B, 4] ; 
(111) £500 Mexican Railway stock at 95 [B, + per cent: |. 
There is a charge of 1s. for Contract Note Stamp in each transaction, 
and in addition on the Railway stock the Transfer Stamp is £2. 10s., 


and Registration Fee 2s.6d. What is the total amount due to the 
roker ? 


Shares. 


330. The Capital of a Company, instead of being raised in the 
form of Stock, is often divided into Shares of definite amount, such 
as £1, £5, or £10. Thus @ Company’s Capital, amounting to 
£590,000, may consist of 100,000 five-pound shares, or of 50,000 ten- 
pound shares. Such shares may be bought and sold like stock, 
except that, while stock may be bought or sold in any amounts 
whatever, only whole shares as a rule may change hands. 


331. Sometimes a Company does not at first call up the whole 
of its capital. For example, suppose it is thought that though a 
capital of £500,000 may ultimately be required, only £300,000 can 
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be usefully employed at first: the company in such a case might 
issue 100,000 nominal five-pownd shares, requiring the subscribers 
to pay at first only £3 cash on each share, and the remaining £2 
when called upon. The £300,000 thus raised would be called the 
paid-up capital; or the capital might be said to consist of £100,000 
fiwe-pound shares, £3 paid-up. 

332. Dividends are allotted either at so much per share, or as a 
percentage on the paid-up capital. In the following examples, if 
nothing is said to the contrary, the shares are supposed to be fully 
paid-up. 


Exampue 1. If £3 shares in a Company are sold at 7s. 6d. premium, 
} p 


find (i) how many shares can be bought for £540, (ii) the cost price of 


40 shares, (iii) the dividend at 4 per cent. on 60 shares. 
(i) Since each share costs £3. 7s. 6d., or £32 3 
the req? number of shares = £540 + £32 = 160. 


(ii) Cost of 40 shares = £32 x 40 =£135. 
(iii) 60 shares represent a capital of £3 x 60, or £180; 


and dividend at 4p.c. on £180=£180 x 7 
ae ae eS 


Exameie 2. I propose to buy £10 Bank Shares, £7 paid-up, at 
2% premium, brokerage 1s. per share: (i) What must I give for 250 shares? 
(ii) Find the half-yearly dividend on this purchase, at 12 per cent. per 
annum. (iil) What rate per cent. per annum should I get for my money? 

(i) A share on which £7 has been paid-up costs, at 22 premium, 
£9, 7s. 6d.; or, with brokerage, £9. 8s. 6d. : 
hence 250 such shares cost £9. 8s. 6d. x 250, 
or, £2356. 5s. 
(ii) The 250 shares bought represent a paid-up capital of £7 x 250; 
and a half-year’s dividend on £7 x 250 at 12 p.c. per annum 


= £7 -x 250 x LOL. S105, 


100 
(iii) Cost of one share, including brokerage, = £9. 8s. 6d. ; 
annual dividend on one share =£7 x aK 
Hence on investing £9°425 I have an income of ¢7 x 12, 
7 +) LOO 
. £100 is £7 x 12 x 94553 
100 
ears 19 a : 
and £7 x 12 x O55 fel... 
That is, I obtain 8°9p.c. approximately on my cash invest- 
ment. 


Se Ba apn? 


a eee 
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® EXAMPLES XIX. d. 
Find the total cost of ! 
2 1, Five hundred £1 mining shares at 3 per share. 
. 2. Sixty £20 shares at 175 discount. 
4 ® 
s - 3. How much must I pay axbeokerahes buv\ for forty-four £1 
: ut pay y NA 4 
; shares at 2%, brokerage 41d. per share, and eighty £5 shares at 1,5, 
- premium, brokerage 9d. per share ? 
4 How much cash will be obtained by selling 
4, Fifty £20 shares (£15 paid up) at 24 premium ? 
5. Two hundred and fifty £5 shares (£2 paid up) at ~ premium, 
brokerage 9d. per share ? 
~ 6. How many £20 shares (£15 paid up) at 25 premium, brokerage 
2s. per share, can be bought for £352? 
; 7. Find the annual income arising from 
Z (i) Thirty-five £10 shares paying 43 p.c. 
(ii) Forty-seven £5 shares paying 63 p.c. 
(iii) Seventy-five £20 shares (£15 paid) at 7% p.c., together with 
a bonus of 6d. per share. 
8. What is the half-yearly dividend on 20 shares of £10 each 
at 6 p.c. per annum, less income tax at 10d. in the £2 
9, How much per cent. for his money does an investor get by buying 
(i) £10 shares (£3 paid up) at £5 when the dividend is 10% per 
annum ? 
(ii) £20 shares (£9 paid up) paying 8% per annum, when the 
shares are at 43 premium? ‘ 
; (iii) £100 shares (£154 paid up) at 203 premium, the half-yearly 
4 dividend being 17s. per share ? 


¥ 10. If £5 shares ina Company are sold at 25 premium, find (i) how 
many shares can be bought for £375, (ii) the cost price of 20 shares, 
(iii) the dividend at 54 p.c. on 75 shares. 


Y/ 1yAeThe £20) shares of a Bank have only £6 per share paid up, 
awd their present price is 103. If brokerage is charged at Is. 3d. a 

share, find (i) how many shares can be bought for £605. 10s., (ii) the 
@ cost price of 36 shares, (iii) the dividend on 50 shares at 83 p-c. 


F433 3 1 : 

* 12, A man sells ‘out 2? p.c. stock at 96¢ and by investing the 
proceeds in shares which pay an annual dividend of £4 per share raises 
his income 5 per cent. hat was the price of each share ? 


he 
. 3 
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ul EXAMPLES XIX. e. | 
(Miscellaneous Hxamples on Stocks and Shares.) 


[ Unless otherwise stated brokerage and other charges are supposed to be 
included in the prices quoted. | 


1. I invest £5520 in 25 p.c. Consols at 92: at what price must I 
sell out to gain £210 on the transaction ? 


~2. If I invest £1200 in 23 p.c. Debenture stock at 95s, what is my 
income to the nearest penny ? [B, +] 


- 38, Which is the more profitable investment, 45 p-c. stock at 152, 
or 2} p.c. Consols at 85? If £3230 is invested in each, what is the 
difference in annual income ? 


4, An income of £176 is derived from the investment of £6200 in a 
2° p.c. stock. At what price was the stock bought ? [B, 3. | 


5, At what price must I buy 7 p.c. stock so as to get 4p.c. for my ~* 
money? [B, 2.] 


6. What income is derived from investing £750 in 35 p.c. stock at 
893? [B,4.] What would be the loss of capital if the stock were 
sold out at 874? [B, x| 


-%, At what price must 44 p.c. stock be to produce the same 
income as 5p.c. stock at 115? Find the half-yearly dividend from an 
investment of £2346 in either stock. 


8. A man invests a fourth of his capital in Qt p.c. stock at 90 and 
the remainder in 3% p.c. stock at 105; find the average rate per cent. 
on his capital. 


Find to the nearest penny the cost of £225 Canal stock at 594, 
allowing for brokerage at 3 per cent. 


10. A sum of £994.19s. had to be raised from the sale of N.S. 
Wales Inscribed stock at 993. The brokerage and Contract Stamp 
amounted to £2. Ils. How much stock had to be sold ? 


11, What sum must be invested in a 5 p.c. stock at 1301 so as to 
produce an income of £120 a year, after paying income tax at 8d. in 


the £2 [B,4,] 


12. My income from 3p.c. stock after deducting 10d. in the £ for 
Macome tax is £442. 15s. I sell out at 785 and buy 4 p.c. stock at ‘ 
1023 ; find to the nearest penny the alteration in net income, brokerage — 
+ being eharged on each transaction. e 


ha AE 3 -- ce aa 
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13. A man invested £1000, half in 3p.c. stock at par, subject to an 
income tax of ls. in the £, and half in 37 p-c. stock at 104; free of 


income tax. Which investment was the more advantageous and by 
how much ? 


~ What was the total amount ot a broker’s bill for the purchase 
of £4376 Great Western Railway stock at 124; brokerage 3 per cent. 


upon the money-yalue ; Contract Stamp 1s.; Registration Fee 2s, 6d. ; 
Transfer Stamp £27. 5s. ? 


15. A man invests half his capital in 3/p.c. stock at 974, and the 
other half in 4 p.c. stock at 125; his total income from both sources 
is £510. How much did he invest ? 


16. The difference between the incomes derived from investing a 
certain sum in 6 p.c. stock at 126 and in 9 p.c. stock at 210 is £22. 10s. 
What is the amount invested ? 


17.. How much must a man bequeath, subject to a ‘legacy duty of 
10 p.c., so as to provide a sufficient investment in 4} p.c. stock at 1035 
to bring in a net income of £60 a year, after deducting income tax at 
10d. in the £. az. / 


18. I am a holder of 3p.c. stock whjch yields me an income of 
£300 a year. I sell half of it at 92, and invest the proceeds in an 
American railway at 46. What dividend per cent. per annum ought 
the latter stock to pay so that the transaction may increase my income 
by £50? 


19. A man sells £4560 of Qt per cent. Consols at 85, and with the 
proceeds purchases 4 per cent. stock at 114. After deducting income 
tax (at the same rate in both cases), he finds his income better by 
£20. 18s. Od. What is the income tax per pound ? 


@ 


20. If fifty £10 shares in a company paying a dividend of 8 p.c. are 
sold for £18 each, and the proceeds invested in £5 shares in another 
company at £3. 10s..each, find what difference in income results if the 
second company pays a dividend ‘off Bs p.c. 


— 


E A 21. One company pays 53 p.¢. on shares of £100 each ; another pays 
at the rate of 31 p.c. on shares of £10 each ; if the price of the former - 
be £115. 10s., and of the latter £7. 15s. compare the rates of interest _ 

which the shares return to a purchaser. \ pat. 


22, A man sells out £3840 of 8 pc: mining stock at 18 + and re- 


,. invests the procéeds in 43 p.c. Railway stock at 108, his net income 
being thus diminished by £6.18s. Find the rate of income tax in the £. 


me 93, A person invests £8000 in 2? p.c. stock at 97 and pays income 
-y taxatls.inthe £. On the stock rising to 99 he sells out and-invests 
the proceeds in,21 p.c. stock at 73, free of income tax. Find to the 
nearest penny the net change in his income. 


2 


My 
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94. A firm of Solicitors instructed their brokers to purchase suthcient 
India 3 p.c. stock to enable them to pay a sovereign per week from the 
dividends to an old servant. India stock was then at 972, brokerage 4, 
income tax ls. in the £. There was a charge of ls. for Contract Note 


Stamp. What (to the nearest penny) was the sum paid to the brokers? 


£95. Aman held one hundred £10 shares which stood at 150 p.ce. 
premium, and he decided to sell and re-invest in’ the purchase of 
certain £1 shares which stood at 162 p.c. discount, paying all charges 
connected therewith from a separate fund. How many shares did 
he buy ? 


sy 26, A lady_has £1000 to invest: she tells her broker to purchase _ 
£500 Canada 81 p.c. stock at 104, and to invest the balance in New 
Zealand 3p.c. stock at 975. Find to the nearest penny how much 
N.Z. stock he must buy. [B, +.] 


eo 

— 97, A Banker had £50,000 to invest: he bought £20,000 Jamaica 
3i.p.c. stock at 1014, £10,000 Cardiff. Corporation 3 p.c. stock at 97, 
and sufficient Bristol 3 p.c. stock at g71 to complete the amount. 
Find to the nearest pound how much Bristol stock he bought. Also 
find, to two places of decimals, the average income per cent. on the 
whole investment after deducting .1s. in the £ for income tax. 


98. <A speculator buys £4000 stock at 65, and his bank lends him 
money to the extent of 40 % of the actual value, charging 4% for the 
loan. He holds for a year, takes a dividend of 24, and sells out at 70. 
Find his actual profit. Also find, to one decimal place, the profit 
per cent. on his capital outlay. 
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MISCELLANEOUS EXAMPLES. 
333. Exampiy 1. By mvesting £1272, partly in 3 p.c. stock at 96, 
and partly m 4 p.c. stock at 120, @ man secures an annual imcome of 
£41; how much does he invest in each kind of stock? 


Suppose he invests £2 at 3 fo, and £y at 4%; then 


aXe + yx zon =41, 


20 
or eee TUX a 4 #96 a) seh aliep oe eeumial wu led corexe avmys a Cele er (i). 


Kins Dior fy at 1 OT ca ne oad Vai) | 

Multiply (i) by 2x 16x 15, the L.O.M. of 32 and 30; thes 

15x + 16y = 19680 ; 

and from (ii) 15x + 15y = 19080. 

By subtraction, y=600; hence from (il), = O72 

Thus he invests £672 at 3%, and £600 at 4 ae 

EXxamenn 2. One alloy of metals contains 90 per cent. of copper 
and 10 per cent. of tin. Another alloy contains 93 wer cent. of copper 
and 4 per cent. of tin. Find in what proportions they must be mixed 


that the mixture may contain 9 per cent. of tin, and what percentage 
of copper it will contain. (O.8.) 


Suppose « parts of the first metal have to be mixed with y parts of 
the second ; then the mixture contains x+y parts with 9% of tin. 


Also 10% of x and 4% of y are tin. 


, Too + OHV = Thy (wty) 
that is, 10x 4+-4y = 9a + Oy ; 
. > w= by, 
so that se 
se | 


Hence 5 parts of the first metal must be taken with 1 part of the 
second. Wy . 


Now suppose 500 parts of the first are mixed with 100 parts of the 


_ second. 


Then 450 parts of the first \ 
Leia eh am second J 


Hence in 600 parts there are 543 parts of copper; so that the 
«, 543 
percentage of copper is 242, or 90-5. 
5 9 


are copper. 
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MISCELLANEOUS EXAMPLES V. 
EXERCISES FOR REVISION. 
A. 
1. Find, to the nearest kilogram, the weight of 1 ton, assuming 
that 1 Kg. =2°2046 lbs. ; 
9. Find, correct to the nearest penny, the value of 10 tons 13 cwt. — 
74 lbs. at £1. 3s. 4d. per ton. a 


3. The profits of a business are £4875. One of the partners sells 
0:24 of his share of the profits for £780. What fraction of the profits 
belong to him? 


4, The length of a room is 23 ft. 6 in., and it costs £5. 178. Bae 
to paint the ceiling at 2s. 3d. per square yard. What is its breadth? 

5, A tradesman sells goods for £80 at a loss of 4 per cent.; what 
must he sell them for to gain 15 per cent. ? 


6. Aman receives £8. 8s. 9d. as his dividend on some 37 p.c. stock, 
How much of the stock does he hold? 


ede 


7 Tt costs £339. 7s. to fence in a square enclosure at £2. lls. dd. 
per 20 yds. ; what is its acreage? 

8. A man buys 300 eggs at 15 for 1s. and sells them at 10d. per 
dozen. Find (i) his actual, (ii) his percentage gain or loss. 

9. When 52lbs. of coffee are worth as much as 12lbs. of tea, 
22 lbs. of tea are worth as much as 572 lbs. of sugar, a cask of sugar 
costs 2 guineas, and 1 cwt. of coffee costs 8 guineas, what is the weight: 
of a cask of sugar ? 

10.>°A~ piece, of “wire, 34 metres long, with a sectional area of 
2squaremm., is heated, and then drawn to a length of 18 metres. 
Find, to the nearest hundredth of a square mm., the area of a cross- 
section of the wire thus drawn. (C.S.)a 

11. If lewt. of sugar costs £1. 6s. 8d., draw a graph to find the 
price of any number of pounds. Find the cost of 26lbs, How many 
pounds can be bought for 4s. 10d. ? 

12. Calculate (to a penny) the compound interest on £1756 for 
3 years at 2} per cent. per annum. 


C. 
13. Express asa decimal the ratio of £1. 73. 74d. to £8. 2s. 6d. 
Hence state what percentage the first sum is of the second. 


14, Find the square root of 9:0707 correct to 6 places of decimals. 
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15, If a money-lender charges 1}d. a week for a loan of £1, what 
rate per cent. of interest per annum does he obtain ? 


16, A rectangular carpet 16 ft. 3 in. long by 12 ft. 2in. broad lies 
on the floor of a room 2] ft. 8 in. long and 18 ft. 3in. broad. What 
fraction of the area of the room is covered by the carpet ? 


17. Three men together fill a pit in an hour and a half, throwing in 
respectively 8, 10, and 12 equal shovelfuls of earth per minute. In 
what time could each man have filled up the pit by himself ? 


18. A tradesman gains 35 per cent. by selling an article for 6s. 9d. 
What would he have gained per cent. if he had sold it for 8s. 3d. ? 


D. 


19. How many bricks 9” x 4h" x 3” can be carried by a truck whose 
load is 5tons? The bricks in question weigh 145 pounds per cubic 
foot. Give your result to two si gnificant figures. (C.8.) 


20. <A walks at the rate of 4 miles an hour, B at the rate of 43 miles 
an hour: how many yards start can B give A in walking over a course 
of 1350 yards? 


21. A tradesman marks articles 30 per cent. above their cost price, 
but takes off 5 percent. for cash: find the cost of a vase for which I 
pay down £8. 4s. 8d. 


oo: Assuming 1 lb. =0°4536 Kg., find the price, to the nearest 
franc, of 2 cwt. 26 lbs. of coffee at 4 fr. 75 ¢, per kilogram. 


Ta 23. If £9000 of a 4 per cent. stock is sold at 1125, and with the 


proceeds a 53 per cent. stock is bought at 1683, what is the resulting 
change of dividend ? 


24, How must a sum of £1130 be divided into two parts so that by 
receiving 7 per cent. on one part and 2 percent. on the other a man 


may receive 5 per cent. on the whole sum ? 


E. 
20, Add together 22, 311, 43, 2;; and divide the result by the 
difference between 37g and 2,°,. 


26. Express in its simplest form the ratio of £17. 19s. 4d, to 
£33. 7s, 4 ? : 
ede). is, a. 


27, Find the cost, to the nearest shilling, of making a road 
47 mi. 3 fur. 115 yds. long at £38. 12s. per mile. 


28, A man buys 50 bicycles for £500, but 20 of them are soiled. 
He determines to sell each soiled one at three-fourths the price at 
which he sells a new one. What must this price be in order that he 
may make a profit of 35 per cent. on his outlay ? 


AR. 4.8. 2¢ 


| 
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99, Two men and a boy can doa piece of work in 5 days, whilst a 
man and two boys can do it in 6days. If a man is paid at the rate 
of 28s. a week, what should be the wages of a boy ? 


30, The populations of the upper and lower parts of a town were 
equal, and after the former had fallen 20 per cent., and the latter risen 
15 per cent., the total number of inhabitants was 39,390. What was 
the original population of each part ? 


F. 


31. What will be the gain per cent. if eggs bought at the rate of six 
for 5d. are sold at the rate of five for 6d. ? | 


32. A man measures the length and breadth of a rectangular field 
by pacing and takes the length of his pace as 30 inches. He makes 
the area 2 acres 3 roods. His pace is really 32 inches. Find the true 
area. (C.8.) 


et. 33, A man sells out £10,000 of 93 per cent. stock at par, and with 
part of the proceeds purchases enough 4 per cent. stock at 140 to yield 
him the same income as before. What amount of cash does he retain 

~ in hand? 


34. Find to the nearest penny the amount at simple interest of : 
£389. 6s. 8d. from May 17 to July 29™ at 35 per cent. 5 


35. Aman has to glaze 36 picture frames, each of which requires a 
piece of glass 17 inches by 9 inches. He cuts these from sheets of glass 
measuring 18 inches by 30 inches. How many such sheets must he 

use? If he buys the sheets at the rate of twopence per square foot: 
and sells the glass actually put into the frames at threepence per 
square foot, what profit per cent. does he make ? 


36. A man, his wife, and son, worked in a garden; the man for 
2days, his wife for 3} days, the boy for 4days. Their daily wages 
were: man’s to woman’s in the ratio of 7 to 4, and man’s to boy’s in 
the ratio of 7 to 3. Their total earnings amounted to £1. What were 
the daily wages of each ? 


G. 


37, Find the price of a steel casting weighing 103 tons 5 cwt. 3 qrs. 
at £5. 8s. 6d. a ton. 

If the steel weighs 488 lbs. per cubic foot, what is the volume 
of the casting ? (C.8.) 


388. <A closed box whose outside measurements are 26, 19, and 
18 inches is made of wood which is 4 inch thick. If a cubie foot of 
wood weigh 40 lbs., find the weight of the box. 


Se et eee 
=p 


4, 
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39. The wages of a man for a day’s work are 5s, 6d., and those of a 
woman 2s.9d. A man can do one and a half times as much work 
as a woman can do in the same time. Certain work has to be done 
which would oceupy 50men for 80 days ;' find the difference in the 
cost if 20men and 30 women were employed to do the work instead 
of 50 men. : (C.8.) 


40. What sum will amount to £308. 148. if allowed to accumulate 
for 3 years at compound interest at the rate of 5% per annum ? 


41, At what price must a man mark an article which cost £1. 18s. 
so that he may take off discount at 5 7, and still make a profit of 5%? 


42. A man invests £2310 partly in 3 p.c. stock at 81 and partly in 
45 p.c. stock at 135, and derives an annual income of £80. How much 
does he invest in each kind of stock? : 

43. Find, correct to four places of decimals, the cube of 1:2345. 

Ge 4 034 87- 

45. If 100 yds. of copper wire weigh 14°08 lbs., find to the nearest 

gram the weight of J metre, having given that 
1 metre=1:09 yds., and 1 gram —0-0022 Ib. 


46. <A milk-vendor receives two adulterated supplies which contain 
respectively 10 per cent. and 3 per cent. of water. How much must be 
taken of each kind so as to form 84 gallons of a mixture which contains 
95 per cent. of milk ? 


44, Simplify 


47, A clock which shews correct time on Monday, at noon, gains 
2 minutes 15 seconds per day. When it shews 5 o'clock on Wednesday 
evening, what is the correct time, to the nearest second ? 


48, Two partners, invest £1350 and £750 respectively in their 
business, and arrange that 40 per cent. of the profits should be divided 


equally between them, and the remaining profits treated as interest on 


the capital. If one partner’s share is £45 more than that of the other, 
what was the whole amount of the profits ? 


iF 


49, A tailor sends in a bill for £9. 10s., but he will accept £9. Os. 6d. 
as payment in full if the bill is paid at once. What rate of discount 
does he allow? 


50. When the rateable value of the county of London was £41,647,310 
it was necessary to collect a rate of 2s. 11d. in the pound to pay various 
expenses. How much were these expenses to the nearest thousand 


-- pounds ? 


If the rateable value increases by 5 per cent. and these expenses 


- increase by 10 per cent., find, to the nearest halfpenny, what rate in 
_ the pound must then be collected to pay these expenses ? (C.8.) 
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51. 216 eggs are bought at 12 for 10d. and are sold at 10 for a 
shilling ; some eggs are broken, but a profit of 20 per cent. is made ; 
how many eggs are broken ? 

52. Asum of money is to be paid down, such that with compound 
interest at 4 percent. it will amount to £800 at the end of 4 years. 
The interest is to be added annually. Find, to the nearest pound, how 
much must be paid. (C.S.) 

53. It costs £28 to carpet the whole floor of a room 32 ft. long and 
25 ft. wide; if a space 1 ft. 3 in. be left uncovered all round, what will 
be the saving in cost ? 

54. Three labourers, A, B, C, are employed in filling carts with 
sand. When all work together they can fill a cart in 8 min.; A and @ 
together can do so in 12 min., and A and B in 13 min. 20sec. If each 
man work for the same time, in what proportions should a wage of 10s. 
be divided between them ? 


J. 
55. Shew how each of the following calculations can be done men- 
tally, giving results : 
(i) 480 articles at 13s. 35d. each. 
(11) 24 x 25 x 26. 
(iii) The income from £1200 invested in the 22 per cénts. at 110. 
(iv) Which investment gives the larger income: Railway Stocks 
at 250, paying 7s per cent. dividend, or Bank stock at 400, 
paying 11¢ per cent. dividend ? 
56. If 3men or 8 boys can do a piece of work in 17.days, in what 
time will 7 men and 4 boys do a piece of work twice as great? 
57. In what time will the simple interest on a sum of money become 
equal to the principal at 4 per cent. ? 


58. <A cistern is constructed to hold 100 gallons, and the base of the 
cistern is a square yard. What is the depth of the cistern, to the 
nearest inch? <A cubic foot is 6°23 gallons. (C.S.) 


59. I invest equal sums in a 4 percent. stock and in a 3 per cent. 
stock, and get 5 per cent. for my money ; the 4 per cents. are at 90; 
what is the price of the 3 per cents. ? 


60. If A runs a mile in 7:5 minutes, and B runs at the rate of 
ws, ie a = = e 
7°5 niiles an hour, how far behind will the loser be in a race which 
the faster wins in 6 minutes? 


K. 


_ 61. A man in India wishes to send his wife in England £100 a year 
in monthly instalments. How many rupees worth Is. 4d. each must 
he transmit monthly ? (C.Sa 
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62. Find the weight (to the nearest kilogram) of an iron rod of 
Square section, 10 metres long and 2:3 centimetres broad. A cubic 
centimetre of iron weighs 7:207 grams. (C.8.) 


63. Find (as intelligently as you can) the ¢otal amount of the 
following bill, ‘showing all your methods of calculating. You may 
combine items. 135 eggs at 2s. 3d. a score, 135 eggs at ls. 9d. a score, 


110 1b. of butter at Ls. 73d. per lb., 106 cakes at 11s. 3d. a dozen, 220 lb, 
of lard at 8d. per lb., 318 lb. of biscuits at 4s. 3¢/. per dozen lb. 
Take off a discount of 10d. in the £ from the total of the bill. (C.S.) 


‘ Y 64, I hold £720 stock, partly in 3 per cents. and partly in 5 per 
_ cents., thereby obtaining the same income as if T held the whole in a 
stock paying 3 per cent. How much of each kind of stock do I hold? 


65. Two jars containing respectively 3 and 5 gallons are filled with 
mixtures of aleohol and water. In the smaller jar 25 per cent. of the 
mixture is alcohol, in the larger 25 per cent. of the mixture is water. 
The jars are emptied into a 9-gallon cask, which is filled up with 
water. Find the percentage of alcohol in the cask, (C.S.) 


66. A- workman is able to save 125 per cent. of his wages, but if his 
wages were raised 2s. a week and his expenses were increased by 
10 per cent., his annual Savings would be diminished by 17s. 4d. ; what 
are the man’s weekly wages, a year being taken as 52 weeks exactly ? 


: L. 
67. Find the value of. 
a3) 14 5 1 1 4. at 
(i) it tae 6 Gi)’ 22 Sa 
3X QWBE+S5 9-(+-ao) Ga-4) 


68. A traveller intends to walk to a station, which is 2 miles off, in 


40 minutes. What is this speed (i) in miles per hour, (ii) in feet 
per second ? 


After going half a mile he remembers that he has left a parcel 
behind and hurries back to fetch it, keeping up the same new rate 
of speed all the way back and then to the station. What must this 
speed be (in miles an hour) if he is to reach the station at the time 
originally planned ? ; (C.8.) 


69. <A watch is offered for sale at £5. 158.3; and if that price is 
reduced by 5 per cent., the dealer who is selling it will still make ’ 
97 per cent. profit; how much did the watch cost him? 


70, If the population of a certain county is 10% more than it was 
10 years ago, and 5% more than it was 4 years ago, what is the 
inerease in the last 10 years, given that the population 4 years ago 
was twenty-two millions ? 
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71, If a kilogram =2'205 lbs., and a gallon of water weighs 10 lbs., 
compare the volumes of a quart and a litre. Hence draw a graph 
from which the equivalent of any number of quarts may be expressed 
approximately in litres. 

Express 2°5 litres in quarts, and 4°7 quarts in litres. 


72, A new railway, 110 kilometres long, in Holland will cost 
6,441,000 florins. Find the whole cost, and the cost per mile, in English 
money to the nearest thousand pounds. Assume that 1 Km. => mile ; 
£1=12 florins 11 cents; 1 florin=100 cents. (C.S.) 


M. 


73. Find, correct to a penny, the interest on £874 for 220 days 
at 44+ per cent. per annum. 


74, A man’s income from 24 per cent. Consols (after income tax 
at 1s. in the pound has been deducted) is £539. 12s. How much stock 
does he hold? . 


75, Of two square fields, one contains 10 acres, while the other is 
broader by 1 percent. Find the difference in area, expressed in yards, 
feet, and decimals of a foot. (C.8.) 


76. Find, within the hundredth part of an inch, the length which 
represents on a map, whose scale is 25 inches to the mile, the side 
of a square field which contains 30 acres. 


77, If the manufacturer makes a profit of 20%, the wholesale 
dealer a profit of 25%, and the shopkeeper a profit of 40%, what 
was the cost of the manufacture of an article bought at a shop for 


17s. 6d.? 


78. The net profits of a business, of which the capital is £500,000, 
amount in a certain year to £30,562. 9s. 6d. To this is added a balance 
of £1050. 19s. 0d. brought forward from the previous year, The sum 
of £5000 is placed on the reserve fund. A dividend is paid to the 
shareholders which is as great a whole number of pounds per £100 of 
capital as possible, and the remainder is carried forward. 

What is the rate per cent. of the dividend, and what is the amount 
carried forward ? (0.8.35 


NG 


79, It was calculated that, in boring the Simplon tunnel, the rock 
yielded a centimetre of its substance to the drill per minute. The 
whole length of the tunnel is 19°8 kilometres. How long would it 
have taken to bore the tunnel if the work had been entirely 
uninterrupted ? 


Answer to be given to the nearest tenth of a year. (C.8.) 
80. If 80 Kg. of tea at 2°75 fr. the kilogram are mixed with 20 Kg. 


at 9:5 fr., at what price per kilogram should the mixture be sold to 
gain 10 per cent. ? (C.8.) 
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81. A cubical box of external dimensions 17 inches each way would 
contain crushed ore of the value of £421. 17s. 6d. if it were made of 
material | inch thick; but by mistake it has been made of thicker 
material, and the difference in the value of the ore which it will hold 
is consequently £78.17s.6d.; what is the real thickness of the 
material ? : , | (C.8.) 


82. If £12,100 is lent on condition that £1 per day is paid as 
interest, find (correct to two: decimal places) what rate per cent. 
per annum the lender receives for his money ? 


83, What maximum start in a mile race ought a cyclist whose 
record is 3 minutes 15 seconds to give to another whose record jg 
3 minutes 20 seconds, assuming that the pace of each is uniform over 
the course ? (C.S.) 


84. A sum is invested at compound interest payable annually. 
The interest in two successive years was £112. 10s. and £115. 6s. 3d. 
Find the rate of interest and the value of the principal at the beginning 
of the first of these years. (C.8.) 


ca 


O. 


85. Shew that, in finding by Practice the price of a number of 
articles at £11. 18s. 4d. each, or the price of a number of articles at 
£2. 12s. 6d. each, one line of multiplication and one line of division 
is sufficient. (C.8. ) 


86. What sum, correct to the nearest pound, will amount to 
£4548. 12s. in 63 days at 21 per cent. ? 


87, <A cube of metal, each edge of which measures five-eighths of an 
inch, weighs 0°625lb. What is the length of each edge of a cube of 
the same metal which weighs 40 lbs. ? (C.S.) 


- 88. Two sets of telegraph wires are carried on opposite sides of a 
railway on posts whose distances apart are 275 feet in one case, and 
135 feet in the other. An engine starts from a point where two posts 
are exactly opposite one another, runs an exact number of quarter- 

miles, and stops at a point where two posts are again exactly opposite 
one another. Find the least distance which the engine can have 
travelled, 


89, A dealer has two sorts of tea, one of which he could sell at 
Is. 8d. per Ib. and make 25 per cent. on his outlay, the other at 2s. 3d. 
and make 12} per cent. What profit per cent. will he make if he 
mixes them in equal quantities and sells the mixture at ls. 1ld. 
per lb. ? (C.S.) 


fg 90. A man’s income is derived from £19,250 held in 3 per cent. 
stock. How much must he seil out at 99 so that by reinvesting in 
4 per cent. stock at 104 he may increase his income by 10 per cent, ? 
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91. If 24 men can reap a field of 29 acres in a given time, find 
roughly by means of a graph the number of acres which could be 
reaped in the same time by 15, 33, and 42 men respectively. 


92. A sells an article to B ata profit of 20 percent. B sells it to 
Cat a profit of 5 percent. If C pays 70shillings, what did it cost A 
(to the nearest shilling) ? (C.S.) 


PR, 


93. Find, correct to the nearest penny, the interest on £2378 for 
68 days at 2? per cent. 


94, Assuming that 1 metre=39°37 inches, and that £1 is worth 
25 fr. 20c., express a price of 4s. 1ld. per yard in franes per metre. 


95. How many days will a stream discharging 1000 gallons a 
minute take to fill a reservoir 100 yards square and 20 feet deep ? 


[A gallon is 0°16 of a cubic foot. ] 


96. A man buys 120 eggs for 5s. and pays Is. 8d. for carriage. If 
20 eggs are broken in transit, and the remainder are to be sold so as 
to make a profit of half a crown, draw a graph to shew the price of 
any number of eggs. Find to the nearest penny the price of 3 dozen, 
eggs: find also the number of eggs which would fetch ds. 6d. 


97. A square room, whose floor measures 32 sq. yds. 1 sq. ft. has 
a height of 11 ft. 6in.; find the expense of painting its walls and 
ceiling at 8id. per square yard. Allowance is to be made for a door 
7 ft. 6in. by 3ft. 4in., and a window 5 ft. 4in. by 3 ft. 9 in. 


98. A man pays for insurance on his life 15 per cent. of his gross 
income ; and after paying income tax on the remainder at 6d. in the 
pound, he has £513. 16s. 6d. left. What is his gross income ? 


99. A cylindrical glass has an internal diameter of 2 .c¢m., and 
is filled with water to about lem. from the top. It is found that 
58 steel pellets can be dropped in before the glass is quite full. Find — 
in c. mm. the volume of a pellet ; that of a cylinder of diameter d em., 
and height 2 cm., being d? x h x 0°7854 cubic centimetres. (C.8.) 


100. If a bar of uniform section be supported horizontally at its 
extremities A, B, it is known that the load which, placed at any point 
P, will just break the bar is inversely proportional to the product 
APxBP. If the bar be 10 feet long and the breaking load at its 
middle point be 12cwt., find the loads which will just break the 
bar when placed 1, 2, 3, and 4 feet from either end. (C.S8.) 


CHAPTER XxX. 


CONTINUED FRACTIONS. 
FURTHER NOTES ON APPROXIMATE METHODS. 


334. Fractions of the form 


ee ae ran eae 
am 7-$ 


are known as Continued Fractions. The simplification of such 
fractions might have been included in the section on Complex 
Fractions in Chap. v., Art. 131, but (for reasons which will appear 
later) continued fractions have been reserved for separate treat- 
ment here. 


EXAMPLE. Simplify 


8-77 I+7 
We begin with the lowest part and work upwards, step by step: 
thus 


(i) Be IL OLE ayy 
Beto 88-10 78 13 
5 5x18 _5x13_ 13 


eee pelos 1} ek Oe eats 


(ii) Here the simplification at each step may be done mentally, 


33 3x 25 

3-— = 8 Oe 
age : 
=3-3=11 
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EXAMPLES XX. a. 


Simplify the following continued fractions : 


: 4 
i ea 3, 2+ 
3 2 1 
7s aaa L te 1+ ; 
i 
ri ae ae 5 : 6. : 
g4 2 OD ape 5 (pos 
3-2 | eee 3+ 
: 2 
7 7- — 8. — 9. d gla 2 
oe 3+ rag 4 = 2 
8 5 "ay gees 
1 1 1 
Sein sia. ote 
10. — 11, aie x 108. 12. “h 
6 a 4 — 7 24 7 
8447 452 3+ 
1++ 
3 2 
Tbe 2 rice 14, 2-——=—. 
0) sy 2 ee tae 
ee Iaes a 
2-3 seers 


335. The above Exercise will furnish sufficient practice in 
simplifying continued fractions such as the pupil is likely to 
meet with in elementary Arithmetic. The rest of the present 
section will be devoted to the consideration of continued fractions 


of the form 


a+ y or : 
‘ 6. a 
pie ee 
CHP wae be 
c+... 


For the sake of saving space it is usual to write such fractions 
in the more compact forms : 
eee Ci des 
Ot ae 


It is to be noticed that the letters a, b, c, ... all denote entegral 
numbers, the signs are all positive, and each of the numerators is unity. 
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336. The method of the following example, which is quite 
general, will shew that any simple fraction or decimal can be 
expressed in the form of a continued fraction with unit numerators 
and weth all the signs positive. 


5 215 We 
EXAMPLE. Lxpress in as a continued fraction. 


eA a 29 
1 7 It will readily be seen 
o{h) =2+ re Df that the process corre- 
3+a5 ee sponds to the method of 
ao finding the H.C.F. of 295 
1 1 and 93. Thus 
fee oe To a 3 /93/215'2 
gate ea 1/6) 2914 
‘ : ane eG 5 
. 
a 1 The successive quotients 
te, sar els 55 are Jeo dale 6; 
3 4.4. oe 
1+3 


337. From the successive lines of work in the above example, 
it appears that 
(i) 2 is a first approximation to the value of 2}, and is too 
small because the part 22 has been omitted. 
(ii) 2+} is a second approximation, and is too great because the 
denominator 3 is less than the full denominator 34-6 


ZO 


(iii) aa ; 18.a third approximation, and is too small because 


, : 1 
the part of the denominator } is greater than ; and 
4423 


so on. 6 


338. The approximate fractions obtained by stopping at the 
first, second, third, ... quotients of a continued fraction are called 
the first, second, third, ... convergents. 

Thus in the example of Art. 336 the successive convergents are 
1 | a | ad | Users Lees Lest 
ES eet tg 7 Tend e ee gs, 
the last of which is of course equal to the value of the original fraction. 

Their values when simplified are 

Demet: 87s By 
3 : 16 
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339. We shall now state some important properties of the 
convergents of a continued fraction. These may be tested in 
particular cases, but for formal proof the pupil must consult works 
on Algebra. [See Hall and Knight’s Higher Algebra, Chap. xxv. | 


(i) After the first two convergents have been found, each of the 
remaining convergents can be obtained from the two 
which immediately precede it. 

Thus in the example of Art. 338, the successive quotients are 
Pee ae Vales aes 

7 
(num? of 24) x 8r4 quot. + (num? of 1**) 
(den? of 24) x 3'4 quot. + (dent of 1**) 
7x4+2 30 
~8x4+1 13 
(num? of 374) x 4% quot. + (num? of 2"¢) 
(dent of 3°4) x 4t» quot. + (dent of 244) 
80 x LAT ees 

T13xfh3 016 
and so on, using each new quotient with the numerators and cen 
nators of the two preceding convergents. 


2 
The first two convergents are 7 


The 3'¢ convergent = 


The 4% convergent = 


(ii) The value of the continued fraction lies between the values 
of any two consecutive convergents. 


This has been illustrated in Art. 337. 


(ii) The difference between any two consecutive convergents is 
the reciprocal of the product of their denominators. 


Thus the difference between 37 and 30 is eye! 
16 13 16x13 

and the difference between 215 and 37 is yet ou 
93 16 93 x 16 


(iv) Each convergent is a nearer approximation to the value of 
the fraction than any of the preceding convergents. 


EXAMPLE 1. Calculate the successive convergents of the continued 
Fraction my 2 Eh 
eo 4 TS 


: 1 2 
The first two convergents are = and =. 
o 


By the rule in (i) above, the others are 


2x4+1 ie Oo 9x1+2 a ats 11x3+9 _ 42 


Tide. 81° = 381x147) aeeeee tcl’ ee 
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Thus the five convergents are 


Meee 9 11 42 
Sogie al °38 145 
= is the value of the continued fraction in its simplest form, and 


of the preceding convergents each will be found to be a closer approxi- 
mation than any which precedes it. 


EXaMPLe 2. The value of 1, that is the ratio of the circumference of a 
circle to its diameter, 1s 3:14159 to six: significant figures. Find a series 
of fractions approximating to this ratio, and shew that the error in 


taking Sa instead of the true value is less than ace 


Geel, 205) Ly], 4. 

Beek la Ve eee 
7+ 15+ 14-254+ 14 74+ 4 
The successive convergents are 


ee oa)”. 355 
ieee 1008 (113° 


Thus ~3°14159=3 + 


; 333 385 ! 35 
Now 3:'14159 lies between sae oud 4 2 and is nearer to $8 than 


333 Py ba 8 
to Tog: ‘Again since the difference between these convergents is 
equal to oes? it is evident that 3°:14159 differs from the closer 
approximation by less than half this fraction. - 


- 300 4. oe 
That is ii3 differs from 3:14159 by less than 


{) 
2 x 106 x 113 


340. It is easy to infer the general statement that a continued 
fraction differs from the second of two consecutive convergents by 
a fraction less than 

1 


2(prod* of their denominators) 


341. The last example furnishes a good illustration of the 
utility of continued fractions in approximate work. In cases 
where a high degree of accuracy is of less importance than ready 
calculation it is convenient to replace 314159 by some simpler 
number. By converting 3°14159 into a continued fraction, the 
convergents give a series of approximate values from which we 
may select one suited to our purpose. 
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EXAMPLES XX. b. 


Calculate the successive convergents to 


NS ce eee i Wie bearia Raia I: 


L, °+ay ia 95 F - hep or ls oe a 


1 ] ] Lat at | 
3 i ea ae ae re et 


3. 


Express the following quantities as continued fractions, and find the 
fourth convergent to each. 


genie 5. ee 6, 238. 7. ee. 
$. 2139. 9. 1°414. 10. 0°393. 11, °0°3029: 


12. In Example 38 shew that the error in taking ua as the equi- 
1 5 


4620: 


13. Assuming a metre to be approximately equal to 39°37 inches, 
shew by the theory of continued fractions that 32 metres is very nearly 
equal to 35 yards. 


valent of the continued fraction is less than —— 


14, Two scales of equal length are divided into 162 and 209 equal 
parts respectively; if they are placed so that their zero points coincide, 
shew that the 3lst division of one nearly coincides with the 40th 
division of the other. 


15, Shew that 5 differs from 1°41421 by a quantity less than 
] 


7 
70 x 169° 


16. Among the convergents to 
:: ES ase 
3+ 54+ 7+ 9+ 1V 
find the first approximation which differs from the true value of the 


continued fraction by less than Bei 
3600 

17, Find an improper fraction lying between 3 and 4 which when 
converted into a continued fraction has 3, 1, 2, 9, 4 as suceessive 
quotients. Shew tnat by taking either of the fractions 3S, 337 instead 
of the true value the error is less than 0-001. 


18. Find a series of fractions approximating to the square root of 10. 


| 10 lies between 3 and 4. Put V10=3+4a, so that (3+2)?=10. 


Hence 6x+2?=1, or «(6+%)=1; whence ap ag ee 
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19. A man has to exchange 145 franes into English money when 
the exchange is at the rate of 25-20 fr. for £1. Shew by continued 
fractions that by changing 5 francs for 4 shillings, or 29 francs for 
23 shillings the loss on either side will not amount to 1s, 


20. Find by convergents an approximation to the square root of 26 


(C.8.) 


; 1 
which shall differ from the exact value by less than 2040 x 10301" 
21. The true tropical year contains 365°242218 mean solar days, 
and the civil year contains 365 days. Shew by means of a continued 
fraction that to add to the civil year 8 days in 83 years would be 
a better correction than that furnished by the introduction of leap 
years. If the correction were adopted, find in how many years 
approximately the accumulated error would amount to one day. (0.8) 


342. Approximation by Aliquot Parts. When an operating 


factor is of frequent occurrence it is very convenient to be able to 


replace it by a formula consisting of simple fractions which are 
easy to apply. For instance, in Art. 300 we have shewn how the 
multiplier 4, which occurs so often in certain questions in 
Interest, may be superseded by the use of the “ third, tenth, and 
tenth rule.” We shall now give some further instances of the 
use of aliquot parts as an aid to rapid calculation. 


343. The numerical value of a, which expresses the ratio of 


the circumference of a circle to its diameter, is 3'14159265.... In 
the preceding pages the following approximations have been quoted 
and made use of 2 35 i 

Nee oP, 1416, “S85. 


which are true to 3, 5, and 6 significant figures respectively. 


Of these 42 is very easy to apply in the form 3+, but it is not 
a sufficiently close approximation to admit of its frequent use. 
It can, however, be ‘corrected’ in the following way so as to give 
results as accurate as those obtained by using 31416. It is not 
often that a closer approximation than this is required. 


Since 3+4=3'142857..., it exceeds 3:1416 by ‘00125 nearly. 
Hence 3+4-<$9=3'1416 to 5 significant figures. 
Again 37, or 3°142857..., exceeds 31416 by -001257...; and it 
will be found that 3142857 x 0004 = 001257 to 6 significant figures. 
Thus, approximately, 3+ exceeds 3'1416 by 0004 of itself, 
that. is, 31(1 — 0004) =3:1416. 


It thus appears that in any calculation involving 7 as a multi- 
plier, true to 5 significant figures, we may first use 7 =32, and then 


( 


make a correction by deducting 4 ten-thousandths of the result. 
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344. Since 1 metre=39°370113 inches 
= 1:093614 yards, approximately, 
in order to convert a length given in metres to an equivalent in 
yards, we have to use the multiplier 1093614. 


Now if we write down 1, ;4,, and gz in decimal =, LO 
form, we find that their sum to 7 significant 12 ane 


figures is 1093750, which is only (000136 in excess ge Uti 
of the true value. 1:093750 
To 5 significant figures 1+-4,+ 5), differs only to the extent of 
+, x, from the true value of the multiplier, and is a sufficiently 
close approximation for all practical purposes. 
Exampie. Find, to 4 significant figures, the number of yards im the 
circumference of a circle whose diameter is '740°24 metres. 


We have circumference = diameter x 1. 
740°24 metres 
zs 61°69 
1 : 
96 cD Here we first use the multiplier 
809°64 yards l+qi+y¢ to convert the dia- 
34 * meterinto yards. We then multi- 
242892 ply the result by 34, and correet 
4) Ge 66 the product by deducting 4 ten- 
Anaad thousandths of itself [Art. 345]. 
2544 °58 
deduct 1°02 =4 ten-thousandths ; 
254356 ) 


Thus required circumference = 2544 yards. 

[These reduction formule and those in the following examples were 
suggested by Professor A. Lodge in the Mathematical Cazette of April 
1894. | 


345. It is sometimes required to find in decimal form, to a 
given degree of accuracy, the, value of a series consisting of 
fractions each of which is formed from the preceding according to 
some fixed law. The following example will illustrate the method 
of dealing with such cases. 


Exameie. Jind the value of the series 
| 1 1 1 ] 
31273" 2 geemes 
correct to five significant figures. 
It is easily seen that each of the successive denominators is formed 
from the preceding by introducing a new factor. 


1+ 
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1=1-0000 | 00 
] . 
a= “9000 | 00 
eel ht 1666 | 66 Each term is expressed in 
PSE Sa decimal form before attempt- 
1 ing to find their sum. For the 
5.3.47 0416 | 66 2n¢ term we divide the 1 by 
oe 2; for the 3'¢ term we divide 
xaa57 wsias th vide(tte au Mica as 
<Fet. ivide the o™ by 4; and so on. 
‘ 1 A line is drawn after the fourth 
2.3.4.5.67 0013/88 decimal figure, and we retain 
4 eee two extra columns for carry- 
] . ‘° 
aoe -= ‘0001/98 Ing purposes. ‘The work is 
pes Wee Ge Sy, . continued until we arrive at 
1 . ; a term beginning with six 
534 hes "0000 | 25 ciphers. This and all sub- 
1 sequent terms will not affect 


Ds 5.6.78 oo 0000 | 03 the first six decimal places. | 


1 


2.3.4.5.6.7.8.9.10 7 0000 | 99 


1-7182/79 
Thus to five significant figures the result is 1:7183. 


Note. It will be seen that if we had kept only one extra column 
to the right of the line, the 5t» decimal figure would have been 4 
instead of 7, and the result would not have been correct to 5 significant 
figures. 


EXAMPLES XX. c. 


1. Use the formule of Art. 343 to find the values of 
(i) 27537 ; (i), 32°7 x 16°8 x 3 


correct to the nearest integer. 


2. Hind in square metres, correct to two decimal places, the area 
of a circle the radius of which is 62:3 metres. 


3. Shew that * =0°31830989... , and that the expression 


1 ] 1 1 
i (aot 200 * 7000) 
is a true equivalent of this decimal to 5 significant figures. 
Find to the nearest metre the diameter of a circular field whose 
circtimference is 291°‘85 metres, - 
4, By the formula of Art. 344 express in yards, to the nearest unit, 
(i) 8724 metres ; (ii) 561°41 metres. 
AR. H.S. 2D 
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5. Assuming 1 yard=*22 metre, approximately, shew that yards 
oO ay oe pp y y 


may be converted into metres by means of the multiplier 1 — 3/5 + <p. 
Express in metres, to the nearest unit, 


(i) 3650 yards ; (ii) 5 miles. 


6. A surveyor roughly uses his chain as the equivalent of 20 metres. 
Assuming 1 yard=0°91439 metre, shew that in measuring a mile he is 
liable to an error of about 9°4 metres in defect. 


Shew also that, by using the formula, 
1 chain _ wok 
1 metre © 10° 70 
his equivalent of a mile in metres would be correct to the nearest unit. 
Aye 10 4 
100° 4 © 100, 
Use this formula to find the metric equivalents of the following 
lengths, to the nearest centimetre, 


(1) 5 /Pic a ieee (ii) 39°375 in. 


7. Approximately, Ape ee 2:54=25-+ 


8, Shew that to six significant figures 
i ] 1 
Nae Be (1 "160 5 70,000 * 30,000 ) 


Use this formula to find the diagonal of a square enclosure each side 
of which is 353°55 metres. 


9. Find the value of the following series, each correct to five 
significant figures : 
1 ae 
Bt Bet ast at pet Bes 
1) ieee 


es 1 
(i) gtrotiptiatast-.- 


(1) 


10. Express 


11 As Oa 2 l the l 
DOA’ 2.4.6 2.4.6.5 2eeeGesei0 2.4.6.8.10-10 


as a decimal to six places. 


11. Find the value of 


1 
1.3 3.38 5 Queer get * 


in the form of a decimal to six places. 


i ee Na 
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12. Find the value of 


ee ae 
Bere 5x5 7 x5 (ag 
correct to five significant figures. 


Further Notes on Decimal Approximation. 


346. In Chap. x. we discussed examples involving approxi- 
mate data, and it was there shewn how in results derived from 
such data the limits of error can be approximately estimated. 
But there are some cases in which the work is facilitated by the 
use of algebraical formule. 


Suppose M and N are two numbers whose product is required. 
Also suppose M and N are liable to small errors, in excess or 
defect, not exceeding xv and y Yrespectively ; then 


the maximum value of product =(M+.)(N+y) 
= MN +(My+ Nz) +2y,- 
” ” =(M — x)(N a9) 
=MN—-(My+Ne)+2y. 


5 Minimum 


Ii «and y are both small, wy will generally be very small in com- 


° 
. 


parison with the other quantities, and may be neglected ; thus the 
real value of the product of M and N lies approximately between 


MN+(My+Nz) and MN—(My+ Nw). 
That is, the limits of error are +(My+N.). 


Nore. This result may be illustrated graphically as in Art. 57. 


A rectangle, whose adjacent sides are M+a, N +y units respectively, 
is made up of four smaller rectangles containing MN, My, Nx, and 


xy units of area. If x and y are small compared with M and N, it 
will easily be seen that the rectangle xy is very small in comparison 
with the other three. 


Let us apply the formula to Example 1, Art. 204. Then M=60°31, 
N=3'14, each being true only to the 24 decimal figure, so that x and y 
are the same, each being equal to 0-005. Also a* = (000025, and may 


be neglected. 


Thus the product of 60°31 and 3:14 is liable to an errcr of 
+ (60°31 + 3°14) x 0:005, 
that is, of + (63°45 x 0:005), or +0°32 nearly, 
which agrees with the result in Art. 204. 
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347. In division of one approximate number by another the 
upper limit of the quotient is obtained by giving to the dividend 
its greatest possible value, and to the divisor its least possible value. 
Thus with the same notation as before the greatest possible value 


of the quotient u is vom 
Similarly the least possible value of the quotient is ad 
Thue the limits of error are G 

Mt+ce° M.o.M M-a 

N-y N N N+y 

(M+2)N—M(N—y) 


The first of these gives 


CS? ia 
MN+N2—-MN+My bev Na+ My 
N(N—y) ‘ N2—Ny 


As y is small, the product Ny will be small compared with N? ; 
if we neglect this small quantity, the limit becomes 


that is, 


Na+ My 
Nz 
It will be found that the other limit reduces to the same value ; 
thus, is liable to an error of ee in excess or defect. 


ExamMpPie 1. Determine the error per cent. in the area of a field of 
wt ws calculated from measurements which give the length and breadth 
respectively as 45 chains and 15°8 chains, each correct to the last significant 
figure. 


The length and breadth are liable to errors of 0°5 chain and 0°05 chain 
respectively. Hence the maximum error in the area is approximately — 


(45 x 0:05 + 15°8 x 0°5) square chains, 


that is, (4:5+15°8) x0°5, or 20°3 x 0°5 square chains. 
5 
.. the percentage one nearly 
45™ HK > b 
a4 
_ 50°75 5°66 
9x4 4 


=1°'4, to two significant figures. 


Fe a ee i ee 


4 


3 
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EXAMPLE 2. From the Jollowing data, 
I cubic foot of water weighs 62°3 lbs., 
1 * copper) js 547 lbs., 
each being true only to the last significant figure, shew that the specific 
gravity of copper may be found with an error less than 0-016. 
Required specific gravity = 4 | 
the numerator being liable to an error of 0°5, and the denominator to 
an error of 0:05. ; ; 
o by the formula above, the approximate error in the quotient 
_ 547 x 0:05 + 62°3 x 0°5 
i (62-3)? 
(54°7 + 62°3) x 0°5 LLVOSS 
(62377? ea ae 
Ri 1170x005 58°5 ie 0°585 
; OUS.: 6x6 
097 


that is, .. , the error is less than Leaeod or 0°016. 


6 


348. The formule of Arts. 346, 347 do not in themselves 
furnish a method of procedure more generally serviceable than the 
methods explained in Arts. 200-205, but they admit of modifica- 
tions which lead up to other formule of great use in special cases. 

The errors spoken of in Arts. 346, 347 are absolute errors. 
We shall now discuss the corresponding cases of relative errors 
[Art. 190]. 

In Art. 346 we have established the following principle : 


If M and N are two approximate numbers known to be liable to 
small absolute errors of the maximum values x and y respectively, 


then in the product of M and N, the limit of absolute error, in excess 
or defect, is approximately My + Nz. 


Now suppose that 7 and s are the relative errors corresponding to 
absolute errors v and y respectively; then v=Mr, y=Ns [Art. 190]. 


Thus by substituting for 7 and y in. the above formula, the limit 
of relative error, in excess or defect, is 


M. ae ; wid or 7+8, approximately. 


Thus it appears that when tao approximate numbers are multiplied 
together, the maximum relative error ts the sum of the maximum 


relative errors to which these numbers are liable, provided the errors 
are small, 


422 ARITHMETIC. (CHAP. 


Since percentage error=relative error x 100, it follows that the 
same principle is true of percentage errors. 

As an illustration we may give the following solution of Ex. 1, 
Art. 347. 

In the product of 45 and 15°8 


the relative error= ae + Se [Art. 190] 
=0°011+0°003, approximately, 
=0°014. 

Thus the percentage error =0°014 x 100=1°4, 


which agrees with the result on page 420. 


3849. In Art. 347 we have shewn that = is hable toa maximum 
Nv+My 


absolute error of 
N2 


If r and s have the same meanings as before, this expression 


NxMr+MxNs Mr+Ms_ M,_. 
<7) Ne aera nt” 


Hence the corresponding relative error is 


M 
NE Oni 74-3. 

Thus 72 the quotient of one approximate number divided by another 
the maximum relative error is the sum of the maximum relative errors 
to which the dividend and divisor are liable, provided the errors are 
small, 


M 
wits + 


350. The following approximate equivalents should here be 
noticed. 


When 7, s, ¢ are small quantities such that their squares, and 
the products of any two of them may be neglected, 


i) l+r)1+s)=14+(r+s) (+r) -s)=14+(7~-s). 


Hence (1+r)?=1+ 27. Also (1—r)?=1 - 27. 
Gi) (l+r)(1+s)(1+¢)=14+(7+s+2). 

Hence (l+ry=1+39r. Also (1 —r)?=1—-37. 
(iii) JIt+r=1+2e,  J/l—r=1-2r. 
; 1 1 
(iv) oa oe 
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(i) and (ii) depend only on the multiplication formula explained 
in Art. 57, and already used several times in this chapter. 
(iii) and (iv) are easy to remember and apply, but cannot be 
proved here. 


EXAMPLE 1. Find approximately the values of 
22 et 2) (0082) ee 
(i) 10078 x -9954. ; (ii) “(-9983)2 x 1°0005. 
(i) We have 1-0078 x -9954=(1 + -0078) (1 - 0046) 
=1+ ‘0078 — :0046 
‘ =1+ -0032. 


The error here is the neglected product ‘0078 x 0046, or 00003588 ; 
thus the result true to 5 significant figures is 1-0032. 


(ii) We have (1:0032)3=(1 + -0032)3=1-+ -0082x3=1 + 0096 ; 
(9983)? = (1 — :0017)2=1 - -0017 x 2=1 — -0034. 

1 + -0096 

1 - -0034. 

=(1 + 0096) (1 + -0034) (1 + -0005) 

= 1+ (0096 + :0034 + 0005) 

=) + 0135=1'0135. 


. req? product = x 10005 


EXAMPLE 2. Obtain a rule for finding approximately the percentage 
error in area from a given small percentaye error in linear measurements, 
Justify it in a case where the given error in linear measurements is 1°8 
per cent. (C.8.) 

Suppose that linear measurements are liable to a percentage error 
represented by p. Then the true length of a measured distance of 

eee ) 
i units is 74x J, or J te}. 
LOG 100 

‘Let A be the area obtained from dimensions inaccurately measured ; 

then, since areas vary directly as the squares of their linear dimensions, 


A i SG 100 
p \?2 
That is, true area =A(1 +f) 


Ps P y 
100 2 
true area _ 100 =(14 p ) 


100 
SMep be). when» ia stat 
= = 100 , pis small, 


2p 
=A+Ax—-.. 
. 100 
That is, the percentaye error in area, in excess or defect, is twice the 
percentaye error in linear measurement. 
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re . . . . ‘ 
If the percentage error in linear measurements is 1°8 in excess, every 


i : 1°8 
linear unit becomes 1+ F659" or 1018. 


Hence every unit of area becomes 


1-018 
1018 x 1:018, or 1°036 approximately. 1018 
: . 1-018 
Thus the percentage error in area is 10/2 
0-036 x 100=3°6, fe 
1-036 


which is double of the given percentage error. 


A percentage error of 1°8 in defect may be dealt with similarly. 


EXAMPLES XX. d. 


1. Find approximately the limits of error in the following products, 
each number being correct to the last significant figure. 


(i) 16°15 x 8-023 ; (ii) 25-012 x 3-96. 


2. If the numbers are only correct to the last figure given in each 
case, find roughly what the error may amount to in evaluating the 
following fractions : 


8-556 | 
1-021’ 


1 oag 


ooo 149317 
14:95 ’ N08” 


(11) (1i1) 7008 


(i) 


3. Jf 15°231 and 4°1241 are each correct to 5 significant figures, 
shew that the error in the quotient of the first divided by the second is 
less than 0-0001. 


4, Shew that in dividing 247°4 by 8:0023, each number being true 
to the last figure given, the quotient cannot be trusted beyond the first 
decimal figure. 


5. A side of a square is represented by 27:02 m. correct to the 
nearest centimetre. Jind the area, and state whether it can be trusted 
to the nearest square metre. 


6. Two adjacent sides of a rectangle are measured and found to 
contain 1°762 m. and 0°538 m. respectively. Find its area. If in each 
measurement there may be an error of 2 mm. find to the nearest tenth 
of a square centimetre the possible error in the area as caleulated from 
the above measurements. 


7, The area of a rectangular field is known to be exactly half 
an acre, and one side is found by measurement to be 38°5 yards to 
one decimal figure. Find from this the length of the other side, and 
say how far it may be in error. 
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Find by the formule of Art. 350 the approximate values of 


8. 1:000189 x 1:00024. 9, (1-005) x (1:0002)2, 
10. 1:00064 = 1-0078. 11. 1:0058 + 0-9982. 
12. (1:00018)? x (1-00004)°. 13, 1:007 + (0-995)2. 
hac 1 | /0:9987 
14, (0-98)3" 15. 0997, 16. (1:0003)2° 


17. Determine the percentage error in the area of a rectangular 
field when the measurements of its sides give 25'0 and 17°5 chains, to 
the nearest tenth of a chain. 


18. In consequence of the inaccurate length of his chain a surveyor 
records the dimensions of a rectangular field as 275 yards and 188 yards. 
If the true area is 10-4 acres, give the percentage error in the area, and 
also in the length of his chain. (C.8.) 


19. The relative errors in the edges of a cuboid inaccurately 
measured are 7, s,and ¢. Shew that the relative error in the volume 
is r+s+¢ approximately. Estimate roughly the relative error in the 
volume of a cuboid as calculated from the lengths of its edges which 
are found by measurement to be 1-234 m., 0°562 m., and 0°237 m., 
to the nearest millimetre. 


20. What is the percentage error in the volume of a cuboid when 
in measuring each of its edges there is a small percentage error 
represented by p? 


21. In each of three consecutive years there is a percentage increase 
of 0°8 in the population of a certain village. Find approximately the 
_ total percentage increase in the three years. 


22. The measured edges of a rectangular block are 27°5 cm., 16°3.cm., 
and 25‘O0cm.; find its volume from these measurements. If the absolute 
error in the last is 2 mm., and the percentage error in each is the same, 
by how much per cent. may the calculated volume be wrong? 


23. <A bar of copper, 1 unit in length, increases by 0:0000168 of 
its length for a rise of temperature of 1 degree Centigrade. Find 
the expansion in area of a rectangular copper plate 55 cm. long and 
27 cm. wide when the temperature is raised 10 degrees. The metal is 
assumed to expand equally in all directions. 

[The decimal 6:0000168 is called the coefficient of linear expansion 
for copper. | 


24, The area of a zine roof is 10,000 square feet at 0° C.; find its 
area, to the nearest square foot, at 30°C, 


[The coefficient of linear expansion for zinc = 0:0000298. ] 


25, A rectangular block of copper occupies a volume of 8 cubic feet 
at 0° C. Find approximately the volume at 100° C. 


CHAPTER XXI. 
LOGARITHMS. 


351. Derinition. If a number N can be expressed in the 
form a’, the index «# is called the logarithm of the number N 
to the base a. 


EXAMPLES. 
(i) Since 81=34, the logarithm of 81 to base 3 is 4. 


(ii) Since 2°=256, the logarithm of 256 to base 2 is 8. 
(iii) Since 10!'=10, 10?=100, 10?=1000, ... 


the natural numbers 1, 2, 3, ... are respectively the logarithms of 
10, 100, 1000, ... to base 10. 


352. The logarithm of N to base a is usually written log, N, 
so that the same relation between the number and its logarithm 
is expressed by the two equations : a 


C=, a=log, N. 


353. Any number might be taken as the base of a system of 
logarithms, but in arithmetical calculations the system in use is 
that which has 10 for its base. The advantages of this system 
will appear later. 

When a particular system is in use, the suffix denoting the base 
may be omitted. Thus we usually write log 2, log 3, ... instead of 
100452, 108193)...» 

Logarithms to the base 10 are known as Common Logarithms ; 
this system was first introduced in 1615 by Briggs, a contemporary 
of Napier the inventor of Logarithms. 

[Articles 354, 355, 356 may be omitted by pupils who have read 
the Theory of Indices in Algebra. | 


354. Since every logarithm is an index, it follows that the 
rules which govern the use of logarithms are deducible from the 
laws of indices. The use of indices in previous chapters has been 
of a simple kind, and the examples have been such as could be 
easily dealt with from the definition of a positive integral index. 
It is now necessary to examine the fundamental laws of indices 
nore closely. 
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(i) Since, by definition of an index, 
2 = 2 KX 502 5) and 2=2x2xIxBWxQ> 
2° KO (Bee 2) X (2.2.2.9, 2) 
= 28, since the factor 2 occurs 8 times, 


y 
= 93+5 : 


that is, the index of 2 in the product is the sum of the indices of 2 
in the factors of the product. 

Similarly ie lt 98 >< 8 

3 = 912, 
In general, using letters instead of numbers, 
Oe x Oe — 5 age 
a™ x a” x ea tre: 

and so on, for any number of factors, so long as m, n, and p are 
positive whole numbers. 


2x2x2x2x2 


(ii) By definition,  25+93— 


2xFx 2 
=—— x2—= 92 
= 25-3. 


that is, the index of 2 in the quotient is the difference of the 
indices of 2 in the dividend and divisor. 


And generally, a"“+a"=a"-", where m and n stand for any 
positive whole numbers, and m is greater than n. 
(ii) By definition, (2°)4 = 28 x 93 x 93 x 93 
= 28434343 by (i), 
405) 
— 93x4 
that is, the index of 2 in the result is the product of the indices of 
_ the powers in the expression (2%), 


And generall a”) =a", where m and n stand for an positive 
c 9 p] 
whole numbers. 


355. Collecting the above results we have 
(1) q™ x Gg gmtn - 
(ii) a+a"=q"-"; 
(iii) (a’”)” iss qi, 
These are the fundamental laws of indices and they have been 
LY. 


proved on the supposition that m and » are positive whole 
numbers, and in the case of (ii) m is supposed to be greater 
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than x. But it is found convenient to use expressions involving 


2 
fractional and negative indices such as 10°, 3-7, or, more generally 
b]  } v] PF fae 
p 


a’,a-". Further it is important that the fundamental laws shall 
be applicable to indices of all kinds without distinction. It can 
be proved algebraically (see Hall and Knight’s Elementary Algebra, 
Chap. xxx.) that fractional and negative indices will conform to the 
general laws provided that we interpret them as follows : 

Pp 


aus - DY hems , 
a’ is equivalent to /a?, or the g root of a?. 


Thus git =the fourth root of 81=3. 
g = 3/8?= 3/64 =4. 
Again, a~” is equivalent to ae 
On 
Ese | ] 
Gy ee ae oe oe TMNT 
Thus 2 58-35 ° 10 10? 0001 ; 
gop be dd 
is ate we) 2 


356. One case deserves special attention. 


If a” xa"=a"*” is to be true for all values of the indices, we 
have by putting 0 in the place of m, 


Ox =o Sn": 


eat age 
oh 
=1. 
Hence any number with zero index is equivalent to 1. 
357. If we give these interpretations to negative and fractional 


indices, the fundamental laws may be applied to all indices without 
restriction. 


EXAMPLES. 
2 ee 1g) Oe 
Gi) 10?x lO Pai eet “=jo27 001. 
(i): 277 (8" eae 


(iii) 273 = 3/272= 3/35=32=9, 


XXI.] 


1 ah a a 
Bro Kak 
9, 42+ 4°, 
13, 367. 
17, 42. 
pai 24. 
25. 4-3, 


putting m equal to n? 


30, State in words the meaning of x”. 


28 x 2-4, 
53x 5-1, 
3+ 34 
a7. 
64°. 
4-2, 


Ga. 


when x=27, m=2, n=3. 


Read off as decimals or whole numbers 


Sri, 
34. 1000 10-8. 
Shr 2143 x10" 


PROPERTIES OF LOGARITHMS. 


EXAMPLES XXI. a. 

Read off the values of 
2. 
6. 
10. 
14, 
18. 
22. 
26. 

29. From the statement 10”-”"=10” x 10-” 


OF x OP 
6-4 x 62. 
8 + 24, 

1 
164. 


3°. 


pO eb ae ka 
S28 2-1 
12. 102+ 104 
16. 8°. 
20. 32° 
24, a} 
28.000) 


, What do you infer by 


Find its numerical value 


32. 1075x102. 
35. 2°143 x 10°) 
por. 2 143 x 1074. 


33, 10°+ 10°, 
36, 2°143 x 10-2. 
39, 2°143-+103. 


358. The following general propositions are applicable to ail 
logarithms independently of any particular bake. 


359. The logarithm of 1 is 0. 


For a°=1 for all values of a; therefore log,1=0, whatever the 


base may be. 


360. The logarithm of the base itself is 1. 


For a'=a; therefore logya@s= I, 


361. To find the logarithm of « product. 
Let M and N be two numbers such that M =a’, N=a", 


Then 
The product 


whence, by definition, 


Similarly 


v=log,M, 


MN=a* x a=a‘t+?; 
logg MN=w«+y 
=log, M+log, N. 


y=log,N. 


log MNP=log M+log N+logP; 
and so on for any number of factors. 


Exampie. log 42=log (2 x 3x 7)=log2+ log 3+ log 7, 
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362. To find the logarithm of a quotient, or a fraction. 


As before suppose M=a*, N=ad; 
so that x=log.M, y=log,N. 
: r MS ea: 
The fraction ceria ie 
Die M 
whence, by definition, log, =47 —Y¥ 


N 
= log, M—log,N. 


Example. log (21) =log 12 =log 15 — log 7. 
; =log (3 x 5) -log7 
=log 3+ log 5 — log 7. 


363. To find the logarithm of a number raised to any power, 
integral or fractional. 

Suppose M=a*, so that x=log, M, and suppose it is required to 
find the value of log, (M?). 


We have M? =(a*)?=a?* ; 
whence, by definition, log,(M”)=p« 
=p log. M. 
1 
Similarly log, (M*) =" log, M. 


Dd, oie 
Examete, log? +87 =log (35. 2b) — log 5* 


a 
4 


=log 3°+ log 25 log 5 
=5log3+ 4 log2-1log 5. 


364. The results we have proved may be summarised as 
follows : 


(i) the logarithm of a product is equal to the sum of the 
logarithms of its factors ; 


(ii) the logarithm of a fraction is equal to the logarithm of the 
numerator minus the logarithm of the denominator ; 


(ili) the logarithm of the p™ power of a number is equal to the 
logarithm of the number multiplied by p ; 


(iv) the logarithm of the 7 root of a number is equal to the 
logarithm of the number divided by +. 


Thus by the use of logarithms the operations of multiplication 
and division may be replaced:by those of addition and subtrac- 
tion ; the operations of involution and evolution by those of 
multiplication and division. 
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365. The following examples will serve to familiarise the 
pupil with the laws of operation above established. The rest 


of the chapter will be devoted to the practical applications of 
Common Logarithms. 


EXAMPLE Le Hapress 
(i) 2°=256 in the logarithmic form (e.g. x =loge'N); 
(ii) 5=log,243 in the index form (e.g. at=N). 


- (i) By definition of Art. 351, 8 is the logarithm of 256 to bage Qi 
that is, 8=log, 256. 

(11) Here 5 is the index to which the base 3 must be raised in order 
to equal 243. Hence 3°=243. 


EXAMPLE 2. Laxpress log be 


9) ete) 


m terms of log2 and log 3. 


log =log 144 - log 128% 


4 
0/128 
= log (16 x 9) — 4 log 128 
= log (2* x 3?) — 4 log 27 
= log 24+ log 3? - 4 (7 log 2) 
=4 log 2+2log3-7 log 2 
= 12 log 2+ 2 log 3. 


EXAMPLES XXTI. b. 
Read off each of the following equations in the logarithms form. 
ye 2'= 32. 2. ao SaNB age ee 0 = 625. 4, F=343. 
Read off the following logarithmic equations in the index form. 
5. log,128=7. 6, log,1024=5. 7 log,729=6. 8, log ,b=c. 


Express in terms of loga, log b, and loge 


ke 2 
a eee ab" 5/0 RIE 
9, log ®. 10. logey- A. log——-. 12. log ee 


Express in terms of log 2 and log 3 


1 a nes i epee 
13. log36. 14, logjog. 15. logV648. 16, logW54x 8/243. 
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Shew that 


nine 
17. log ( tie 555 ) =2 1087 18, log flops log 3 — log 3. 


19, If A=PR”, shew that n— log A log P 
log R 
3 
20. From the formula vate, shew that 


log d= (log V + log 6 — log 7). 


Common Logarithms. 


366. Since 10'=10, 102=100, 10°= 1000, 10*==20000,,.... 


we see that the numbers 1, 2, 3, 4, 
are the logarithms of 10, 100, 1000, 10000, ..., respectively. 
Also since 107?= ke BNO 2 — Buk “O1, 10t2= ae ‘001 
10 ? Lo? ¢ 10° ai 


we see that the logarithms of ‘1, ‘01, ‘001,... 
are respectively E71, == 25, eee 
Note. Since 10°=1, the logarithm of 1 is 0. 


»Thus it appears that the logarithms of all numbers which are 
exact powers of 10 are integers either positive or negative. In the 
case of numbers which are not exact powers of 10 the logarithms 
will always lie between two consecutive integers and will therefore 
be partly integral and partly fractional. 

The integral part of a logarithm is called the characteristic, 
and the fractional part when expressed as a decimal is called the 
mantissa. ' 


367. We shall now shew that the characteristics may always 
be determined by inspection. 

A number which has one digit in its integral part, such as 8°27, 
is greater than 10° and less than 10! ; 

. its logarithm lies between 0 and 1; that is, ts logarithm is a 
Fraction. 

A number which has two digits in its integral part, such as 
34-062, is greater than 10! and less than 10° ; 

-- its logarithm lies between 1 and 2, and may be expressed as 

1+. fraction. 
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A number with three digits in its integral part, such ag 137°5, 
is greater than 10? and less than 1 Sob 


- its logarithm lies between 2 and 3, and may be expressed ag 
2+a fraction. 

Similarly log 6154-73 =344 Sraction; and so on. From these 
examples we deduce the following rule : 

The characteristic of the logarithm of a number greater than unity 


ws less by one than the number of digits in its integral part, and is 
positive. 
‘EXAMPLE. The characteristics of 
log314, log 87-263, log 2°78, log 3500 
Sram. 2, y fe O, 3, respectively. 
368. Again, a decimal with no ciphers immediately after the 


decimal point, such as ‘327, is greater than ‘1 and less than 1, that 
is, greater than 10-1 and less than Hee 


- its logarithm lies between —1 and 0, and may be written 
: —1+4a fraction. 
A decimal with 1 cipher after the decimal point, such as ‘0654 is 
greater than 10-2 and less than 10-1 ; 
. its logarithm lies between —2 and — I, and may be written 
—2+4a fraction. 


A decimal with 2 ciphers after the decimal point, such as ‘003878, 
is greater than 10-3 and less than 10-2; ' 
“. its logarithm lies between —3 and —2, and may be written 
—3+4a fraction. 
Hence the following rule : 
The characteristic of the logarithm of a number less than one is 


_ negative, and is greater by one than the number of ciphers ummediately 
after the decimal point. 


EXAMPLE. The characteristics of 
log °4, log 3748, log 000135, log ‘08 

are oe } -—41, 4, — 2, respectively. 

369. The mantisse are the same Jor the logarithms of all numbers 
which have the same significant digits. 

Vor if any two numbers have the same sequence of digits, differ- 
ing only in the position of the decimal point, one must be equal 
to the other multiplied or divided by some integral power of 10, 


Hence their logarithms must differ by an integer. In other words, 
their decimal parts or mantisse are the same. 


AR. H.S. 25 
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Exampues. (i) log 32700=log (3°27 x 10) =log 327 + log 10* 
=log 3°274+ 4. 


(ii) log 0327 =log (3°27 x 10-?) =log 3:27 + log 10~? 
=log 3:27 - 2. 


(iii) log 000327 =log (3-27 x 10-4) = log 3°27 + log 10-4 
=log 3:27 —4. 


Thus log 32700, log (0327, log 000327 differ from log 3°27 only in the 
integral part ; that is the mantissa is the same in each case. 


Norn. Here, by introducing a power of 10, the numbers have been 
expressed in standard form [Art. 153] with the decimal point after the 
first significant figure. When this method is adopted the imdex of 
the power of 10 is the characteristic of the logarithm. 


370. The logarithins of all integers from 1 to 20000 have been 
found and tabulated. In Chambers’ Mathematical Tables they 
are given to seven places of decimals, but for many practical pur- 
poses sufficient accuracy is secured by usirg four figure logarithms 
(available for all numbers from 1 to 9999), such as are contained 
in the Tables given on pages 444-447. 


371. Advantages of Common Logarithms. It will now be 
seen that it is unnecessary to tabulate the characteristics, since 
they can always be written down by inspection [Arts. 367, 368 |. 
Also the Tables need only contain the mantissze of the logarithms 
of integers [Art. 369]. 

In order to secure these advantages it is convenient always to 
keep the mantissa positive, and it is usual to write the minus sign 
over a negative characteristic and not before it, so as to indicate 
that the characteristic alone is negative. 

Thus 5°4771, which is the logarithm of ‘00003, is equivalent to 
—5+°4771, and must be distinguished from —5-4771, in which 
both the integer and the decimal are negative. 


372. Inthe course of work we sometimes meet with a logarithm 
wholly negative. In such a case a rearrangement is necessary in 
order to write the logarithm with a positive mantissa. A result 
such as —3°5229 may be transformed by subtracting 1 from the 
integral part and adding 1 to the decimal part. 


Thus . — 35229 =— 3—14+(1 — 5229) 
= —4+.:4771, or 4°4771. 


373. The following examples dealing with negative character- 
istics should be carefully studied. 


XXI.] COMMON LOGARITHMS. 435 


ExampPix 1. From the sum of 3:9605 and 1-2135 subtract 
(i) 3°7234, (ii) 472384. 


3°9605 Here after adding the decimal 
P2135 : figures we have 1 to carry. Thus 
(i) ¥:1740 _ (ii) 1°1740 at the first stage the characteristic 
3°7234 4°7234 is the algebraic sum of 2 and — 3, 
54506 24506 which is written 1. ) 


In (i) when we get to the integral part we have to subtract 3+] 
from —1; the result is — 5, and is written 5. 


In (ii) we have to subtract — 4-9 (or.-3) from —1.-.The resultds Ze 


ExamPiE 2. (i) Multiply 1-8173 by 3. (ii) Divide 4°8134 by 3. 


(i) 18173 On multiplying 8 by 3 we have to carry 2 to the 
3 product of —1 and 3. 
1°4519 Hence the characteristic is — Oo: 2, "or a4 
(ii) 4°8134 =6+ 2°8134 ; Here we cannot divide 4°8134 
BR itoy, a Bias}: as it stands by 3. By a suit- 
aa SIdt)=3(6+2 ie able addition and subtraction 
= 2°9378 the characteristic is adjusted 


so that its negative part is a multiple of the given divisor. A similar 
artifice is always employed in dividing *a logarithm with a negative 
characteristic. 
EXAMPLES XXI. c, 7 
1, Find by inspection the characteristics of the logarithms of 
3174, 625°7, 3-502, 4, 374, °000135, 23-29. 


2, The mantissa of log 3754 is 5745: write down the logarithms 
of 37°54, -003754, 3754000, -3754. 


3, The logarithm of 8-061 is 0:9064: write down the logarithms 
of 8061, 8-061 x 104, 8-061 x 10-5, 


Also write down the numbers whose logarithms are 
5'9064, 1°9064, 3-9064, 1-9064. 
Find (to four decimal figures) the values of 
4, 1°3681 x3. 5. 2°-0068 x 7. 6. 4:9832 x 12. 
7. 2°4320+1:3971. 8, 3-6583 — 4-794). 9, 24871 +. 4:3970, 
10, 4°5885-2:9347. 11, 1-6989-3-3010. 19, 457035. 
4 (38123). 14, 2(1-5632),. 15. #(2-1305). 
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Use of Four-Figure Tables. 
374. To find the logarithm of a given number from the Tables. 


Exameie 1. Find log 38, log 380, log -0038. 


We first find the number 388 in the left hand column on p. 444. 
Opposite to this we find the digits 5798. This, with the decimal 
point prefixed, is the mantissa for the logarithms of all numbers 
whose significant digits are 38. Hence, prefixing the characteristics, 
we have 


log 38=1°5798, log 380=2°5798, log ‘0028=3°5798. 


Examee 2. Lind log 3°86, log ‘0386, log 886000. 


The same line as before will give the mantissa of the logarithms 
of all numbers which begin ‘with 38. From this line we choose the 
mantissa which stands in the column headed 6. This gives ‘5866 as’ 
the mantissa for all numbers whose significant digits are 386. Hence, 
prefixing the characteristics, we have 


log 3°86 = °5866, log ‘0386 =2°5866, log 386000=5°5866. 


375. Similarly the logarithm of any number consisting of not 
more than 3 significant digits can be obtained directly from the 
Tables. When the number has 4 significant digits, use is made 
of the principle that when the difference between two numbers ws 
small compared with either of them, the difference between their 
logarithms ts very nearly proportional to the difference between the 
numbers. It would be out of place to attempt any demonstration 
of the principle here. It will be sufficient to point out that 
differences in the logarithms corresponding to small differences 
in the numbers have been calculated, and are printed ready for 
use in the difference cocumns at the right hand of the Tables. The 
way in which these differences are used is shewn in the following 
example. 


Exameie. Find (i) log 3-864; (ii) log (003868. 


Here, as before, we can find the mantissa for the sequence of 
digits 386. This has to be corrected by the addition of the figures 
which stand underneath 4 and 8 respectively in the difference columns. 


(i) log3:86 =0:5866 (ii) log ‘00386 =3-5866 
diff. for 4 5 diff. for 8 9 
. log 3864 =0°5871 “. log 003868 = 3°5875 


Note. In printing the differences non-significant ciphers are 
omitted. Thus the differences used above are really °0005 and ‘0009. 
This accounts for the position of the digits 5 and 9 in making the 
necessary ‘correction.’ With a little practice the correction from 
the difference columns can be performed mentally. 
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376. ‘The number corresponding to a given logarithm is called 
its antilogarithm. Thus in the last example 3°864 and ‘003868 
are respectively the numbers whose logarithms are 0°5871 and 
3°5875, 


Hence antilog 0'5871=3:864; — antilog 3°5875 =-003868. 


377. To find the antilogarithm of a given logarithm. 


In using the Tables of antilogarithms on pages 446, 447, it is 
important to remember that we are seekin g numbers corresponding 
to given logarithms. Thus in the left hand column we have the 
first two digits of the given mantisse, with the decimal point 
prefixed. The characteristics of the given logarithms will fix the 
position of the decimal point in the numbers taken from the Tables. 


ExamPie. Find the antilogarithm of (i) 1°583; (ii) 2:8249, 


(i) We first find ‘58 in the left hand column on page 447, and pass 
along the horizontal line and take the number in the vertical column 
headed by 3. Thus ‘583 is the mantissa of the logarithm of a number 
whose significant digits are 3828. Hence antilog 1°583 = 38-28. 


(ii) antilog 2-824 — -06668 Here corresponding to the first 

aie for 9 14 3digits of the mantissa we find 

iva ue ——- the sequence of digits 6668, and 

. antilog 2°8249 — 06682 the decimal point is inserted in 

fs the position corresponding to the 

characteristic 2. To the number so found we add 14 from the 
difference column headed 9. - 


378. The following examples illustrate the use of logarithms 
in abbreviating arithmetical calculations. 


_ Exampie 1. Pind the product of 72°38 and ‘5689 to four significant 
figures, by the use of the Tables. ; 


log72°3.  =1°8591 


diff. for 8 5 
log ‘568 =1°7543 antilog 1°614 =41-1] 
diff. for 9 7 diff. for 6 6 
log product =1°6146 . antilog 1°6146=41-17 


Thus the required product is 41-17. 


Nore. It is important to observe that accuracy beyond four 
significant figures can never be secured with four-figure logarithms. 
Moreover we cannot always rely on the accuracy of the Jast figure. 
In the present case, if the product of 72°38 and ‘5689 is obtained by 
contracted multiplication it will be found that the résult to four 
significant figures is 41°18. 
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EXAMPLE 2. Find the value of 


3-274 x “0059 
14°83 x -077 


[CHAP. 


to four significant digits. 


By Art. 362, log fraction =log numerator — log denominator. 


Numerator. 
log 3°27 =0°5145 
diff. for 4= 5 


log 0059 =3°7709 


log numerator = 22859 


22859 
subtract 0:°0577 


log fraction = 2:2282 
Thus 


3-274 x -0059 _ 


Denominator. 
log 14°8 =1-°1703 
Gil, LOR AB cette 9 
log 077 =2°8865 
log denominator =0°0577 
antilog 2-228 = -01690 
diff. for 2 ] 
antilog 22282 = 01691 


‘01691. 


14°83 x 077 
EXAMPLE 3. Find the cube root of ‘02748. 
Let «=8/-02748, or (:02748)? ; 
then log «= + log (02748) 
=4(2°4391), from Table of Logs., 
= ]-4797 ; 
. «= "3018, from Table of Antilogs. 


EXAMPLES XXI. d. 


Find by means of the Tables the values (to four significant digits) of 
the following products : 


| 1. ©-2834 17-62: 2. 8:°034 x -1893. 
A OS] eo 023. 
Find the value of 


8. 470°8 x 6°39. 
5, 31°9x1°51 x 9°7. 6. 43x 8:07 x -0392. 


17°3 487 2°179 "01254 
7. 994°8° 8. 6398" 9 “8973 10. 4105 ° 
2°38 x 3901 14°72 x 38:05 925°9 x 1°597 
Nl, a 12, aoeete 13. eer 3 
1, Nb y A accare eH 16. (:097)4. 17. 10°15. 


379. In using four-figure logarithms for purposes of practical 
calculation care must be taken not to attempt a greater degree of 
accuracy than is obtainable from the Tables. In some cases the 
first step of the work will be to adapt the data to the Tables. 
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380. In scientific work which records very large or very small 
approximate results it is often convenient to express them by 
writing the significant digits in standard form [Art. 153], and 
multiplying or dividing by a power of 10. 


Thus 4037000, correct to the nearest thousand, may be written 
4°037 x 108. 


And 004037, correct to the nearest millionth, may be written 
4°037 x 10-8, 


, Or again, if it is known that the distance of the Earth from the Sun 
is 92,000,000 miles, true to the nearest million, this approximate 
distance may be represented by 9:2 x 107 miles. 


Exampie l. Find as accurately as possible from Jour-figure Tables 
the product of 37°848 and 40869. 


Here the data must first be adapted to the Tables. 
Now 37848 = 37°85 correct to four significant figures 
and BAISOU 208 (Oi 2 er Ae CRE oe vey. ss ce d 
| log 37°85=1°5781 
log 40870 =4°6115 
log product = 6-1896 


Now antilog ‘1896 =1°547 ; 
. the required product =1:547 x 108, or 1547000, 


the fourth significant figure being open to doubt ; and this is the closest 
approximation that can be obtained by the use of four-figure Tables. 


(330 x gy)" 


_ Exampin2. Find the value of “35 2 


= to the nearest integer. 
N22 x 69 


Denote the expression by x, then 


log r—4 (log 330 = log 49) - 5 (log 22+ log 6°9), 


log 330=2°5185 log 22=1°3424 
log 49 = 16902 log 6-9 =0:8388 
08283 3|2-1812 
eat, 0°7271 

33132 


subtract - 0°7271 
log «= 2°5861 = log 385°6, from the Tables. 


', x=386, to the nearest integer. 
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EXAMPLES XXI. d. (Continued.) 


Find from the Tables, as accurately as possible, the values of the 
following expressions, giving the results in standard form. 


1g, 153°76x 0137 4% 3302°7 x 14:3 
* 8376x0038 — 0561 x 387 x 0091 
20 ae Bid 1%, 92 pe 25 ke FB 
94, 8/8255. 95. 173 x 292. 26. (2°301)°. 27. (-089)". 
5? x 19? ] ‘01367 x 0296 
28, 6° e 29, (3°47) 30. Seat) CVF | aaa 


CRG 
‘0234 
[Some of the Miscellaneous Examples on Contracted Work may here be 
worked by the use of logarithms. See page 199. } 


31. Find the value of 4/ 


to the nearest integer. 


Applications of Logarithms. 


381. In Chap. xvii. reference was made to the use of log- 
arithms in connection with examples in Compound Interest. If 
£P amounts to £A in » years at 7 per cent., we have 


, n 
Se ae -_—— A A aL. 313. 
A=PR”, or Plata) : [Ax ] 
whence log A=log P+x log R. 


Thus any of the four quantities involved in the formula may 
be found when the other three are known. The Tables should 
be used in all cases where 7 or » is required, and their use will 
also be found convenient in finding A or P whenever the number 
of years is large. 

ExaMPLe 1. In how many years at compound interest will £342 
amount to £1000 at 3 p.c. per annum ? 

Let n denote the number of years ; then 

1000 = 342(1-03)", 


Hence _log 1000 = log 342 + n log 1:03, 
log 1000 — log 342 
or n= — os 
log 1:08 log 1000 = 30000 
‘4660 log 342 = 2°534) 
ae 0128 0°4660 
= 36-4. | 


Thus the required time is about 363 years. 
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EXAMPLE 2. The gas-service pipe to w house 75 feet from the main is 
+ in. in diameter ; for how many burners, each taking 5 cubic feet of 
gas per hour, will this serve? The number of cubic feet per hour delivered. 

5 
by & pipe on that main is 1000/2, where d is the diameter of the 
: Ablers 
pipe in inches, and L is the length of the pipe in yards. 


Kach burner consumes 5 cu. ft. of gas per hour, hence, putting 


d=0°875, L=25, we have to find the value of 200 ' oan 


Let ~ denote the value of this expression ; then 
log #=log 200 + $ [log (0°875)° — (log 0-45 + log 25)] 
= 2°3010 + 13294 


5 log 0°875=1°9420x5 log 0°45=1 6532 

= 1°6304 ; =1°7100 log 25=1'3979 

*, 2=42°70, from the Tables. subtract 1°0511 1°0511 
2 | 2°6589 
Thus the pipe supplies a little . T3204 


more than enough for 42 burners. 


EXAMPLES XXI. e. 


Find, to the nearest pound, the amount at Compound Interest of 
1, £370 in 25 years at 4% per annum, 


2. £250 in 7 years, at 5% per annum, the interest being paid 
annually for the first five years, and half-yearly for the last two. 


3. Find, to the nearest pound, what sum will amount to £3000 in 
15 years at 35 % compound interest. 


4. Find in how many years £1130 will amount to £3000 at 5% 
compound interest. 

5. A man leaves to his son aged 8, a sum of £270 to accumulate at 
compound interest, at 4% per annum, until it amounts to £450. How 
old will the son be when he receives the legacy ? 


6. The population of Ireland, to the nearest thousand, was 4,459,000 
at the census of 1901, and was decreasing at a rate such that in 2 years 
from the census it would fall to (0°9477)” of the population at the 
census. Estimate, as nearly as possible with four-figure Tables, the 
population 3 years after the census. - 


[Some of the Examples in xvrui. g. may here be worked by the aid of 
the Tables, bearing in mind the limitations named in Ari, 379. ] 
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7, Find a mean proportional between 2°87 and 30°08 ; and a third 
proportional to 0°0238 and 7°805. [See Art. 268. j 


8, If s=i fe, find f when s=289°3, t=3. 


9, Find the weight, to the nearest kilogram, of an iron girder 
which is 5°4m. long, 0°36 m. wide and 0°22 m. thick, having given that 
a cubie centimetre of iron weighs 7°76 grams. 


10. The time of oscillation, measured in seconds, of a pendulum, 
i cm. long, is wall, where t=3'1416 and g=981. Find in seconds 


the time of oscillation of a pendulum 150 cm. long. (C.8.) 


11. The volume of a sphere of radius 7 is given by the formula 


V=$nr°; find the radius of a sphere the volume of which is 248°6 


cubic centimetres. 

12. A cubical block of metal, each edge of which is 18°2 cm., is 
melted down into a sphere. Find the diameter of the sphere as 
correctly as possible. 


13. When m=9'17, v=17'64, find the value of $mv. 


Oe 
14. Es Fao find F when 


m=24°7, r= 8"4,) 0600, saga 


2 
152° 312 <= 55, calculate v, having given that 
322 


Qnrr 
Al hew that th ] Pine eo ee 
so shew tha e value o = ROR BOT where 


1 =3'1416, is approximately 24. 


16. A garden roller of 13 inches internal radius and 3 feet long, is 
four-fifths filled with water to make it heavier. Find, to the nearest 
pound, the weight of water, given that the internal volume of a roller 
of r inches radius, and / inches long, is rr cubic inches. [1 cubic foot 
of water weighs 62°3 lbs. ] (C.8.) 


17. A litre measure is 14:2 cm. high. What must be the height 
(to the nearest millimetre) of a half-litre measure of the same shape? 
Among measures of the same shape the volume varies as the cube of 
the height. (C.S.) 
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18, The height of a pint pot of a certain shape is 12°6cm., to the 
nearest tenth. A litre being 1°76 pints to the nearest hundredth, find 
the height of pots of the same shape that will hold 3 decilitres, 5 deci- 
litres, and 1 litre. (C.8.) 


19. Ifa person 30 years old pays a single premium of £50. 7s. 6d. 
into the Post Office Savings Bank, he assures that the sum of £100 will 
_ be paid on his death. 


Assuming that interest is reckoned at 25 per cent., and is added 
annually to the capital, find to the nearest year what is the expectation 
of life at that age, that is, find the number of years in which the sum 
paid will amount to £100. (C.S.) 


20. In order to find the diameter of a tube of uniform bore some 
mercury was poured into it and the height of the column measured. 
The weight of the mercury was 25-6 grams, the height of the column 
15°3cm. What was the diameter of the tube? A cubic cm. of mercury 
weighs 13°6 grams. 


[The volume of a cylinder of height h, on a circular base of 
diameter d, =0°7854h x d?.] (C.S.) 


21. Find, as nearly as possible, how many metres of wire, 0°3 mm. 
in diameter, can be drawn from 450 Kg. of copper, of which the specific 
gravity is 8°88, 


22, If a water-pipe is L yards long, d inches in diameter, and one 
end is H feet higher than the other, then V/(3d)®x H=L gallons of 
water will flow through the pipe in a minute. Use this formula to 
find how many gallons per minute will flow through a pipe a mile long, 
41 inches in diameter, one end being 38 feet higher than the other. (C.S.) 


23, An air-pump with a cylinder of volume A is used to exhaust a 
vessel of volume B. After » strokes of the pump the pressure of the 


n 


air in the vessel is (AEB xp, where p is the atmospheric pressure. 


Taking p as 30 inches of mercury, A as 17 cubic inches, and B 130 cubic 
inches, find the pressure in inches of mercury after 15 strokes and after 
50 strokes. (C.8.) 


24, The area of the opening under the arch of a bridge is sometimes 
calculated from the formula - J (0°626V)?+C?, where V is the height 


of the arch and C half the diate nue between the ends of the arch. 


Calculate this area to two significant figures when V=12 feet and 
_ C=16 feet. (C.8.) 
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Antilogarithms. 
8° 41.6 | 61. 7 Boned @ Be D6) Te eee 
1005 | 1007 | 1009 | 1012 | 1014] 1016 | 1019| 102170 0 1/1 1 1)/2 2 2 
1028 | 1080 | 1033 | 1035 | 1088] 1040 | 1042} 104570 0 1/1 11/2 2 2 
1052 | 1054} 1057 | 1059 | 1062] 1064 | 1067/106970 O 1/1 11/2 2 2 
1076 | 1079 | 1081 | 1084 | 1086} 1089 | 1091; 109470 0 1/1 11/2 2 2 
1102 | 1104} 1107 | 1109 | 11127 1114]1117/111970°' 1 1/1 1 2)2 2 2 
1127 111309 1182 | 1185) Liss 40a ao Ory et 1 2 oe ee 
1753-1 V1564 1159 | 1161 | 11649 1167 | 1160 D728 11) i 1 92a eee 
1180 | 1183 | 1186 | 1189 | 1191} 1194) 1197/119910 1 1/11 2/2 2 2 
T2083) LOW 1.I213:) 1216 | JOISs Toe eon TOC eel de 1s Die 
1236 | 1289 | 1242 | 1245 | 124711250) 1253 | 226690 1-1)1 1 2}/2 2 8 
1265 | 1268 | 1271 | 1274 1276} 1279 | 12821 128590 1 1/1 12/2 2 3 
1294 | 1297 | 1300 | 1803 | 1306] 1309 | 1812}181570 1 1/1 2 2)}2 2 8 
1324 | 1327 | 1330 | 1834 | 1887 | 1840 | 1843) 184670 1111 2 212 2 8 
1355 | 1858 | 1361 | 1865 | 1868] 1371 | 1874|1877170 1 1/1 2 2)2 8 8 
1387 | 1390 | 1393 | 1396 | 1400] 1403 | 1406| 140980 1 1/1 2 2)2 8 8 
1419 | 1422 | 1426 | 1429 | 1482] 1435 | 14891144270 11/1 2 2)2 8 8 
1452 | 1455 | 1459 | 1462 | 1466] 1469 | 1472] 147640 1 1/1 2 2};2 8 8 
1486 | 1489} 1493 | 1496 | 1500] 1503 | 1507} 151010 1 1/1 2 2/2 8 8 
1521 | 1524} 1528 | 1531 | 15359 15388] 1542| 154570 1 1/1 2 2}2 8 8 
1556 | 1560 | 1563 | 1567 | 1570} 1574 | 1578} 158170 1 1/1 2 2138 8 8 
1592 | 1596 | 1600 | 1603 | 1607 TGI2 TOPO e 0 wk. oth 2 OS eae 
1629 | 1633 | 1637 | 1641 | 1644 1652) )-16604,05 b.)"| 2.02 21 Seesaw 
1667 | 1671 | 1675 | 1679 | 1688 1690 |-169410 1 1/2 2 2)}8 8 8 
1706 | 1710; 1714 | 1718 | 1722 LGW heeeO 2 1122 2' Bsr 
1746 | 1750} 1754 ! 1758 | 1762 VAG IAROT LL bi 2 2-218 Bae! 
1786 | 1791 | 1795 | 1799 | 1803 ESLPEUSIGHO 1 .1:| 2 2 SSB 
1828 | 1832] 1837 | 1841 | 1845 18541185890 11}2 2 818 8 49 
1871 | 1875] 1879 | 1884 | 1888 LEST PAOOL EO 1. Ll 2 2) Br Shee 
1914 | 1919 } 1923 | 1928 | 1932 POAT A T9459O ft 1)2.2 8s 4254 
1959 | 1963} 1968 | 1972 | 1977 19864199970 FE 1/2 2 81'S 44 
2004 | 2009 | 2014 | 2018 | 2023 ZOSZ P2087 FO LL 22) SS eee 
2051 | 2056 | 2061 | 2065 | 2070 280 2084 FO° 1 B22 Bs Bee 
2099 | 2104] 2109 | 2113} 2118 2128.) 213340 ft 1) 2.2 381 Soge4 
2148 | 2153 | 2158 | 2163 | 2168 2178 |} 218380 11/2 2 8)38 4 4 
2198 | 2203 | 2208 | 2213 | 2218 22298 9934481 1 212° 8 Bre £°5 
2249 | 2254 } 2259 | 2265 | 2270 2280 | 228681 £ 2)2 38 8\4 4 §& 
2301.4 2307 | 2312 | 2317 | 2323 23351 23098) F213 S Ba Oee 
2355 | 2360 | 2366 | 2371 | 2377 2388 | 2393f1 12/2 38 8)4 4 5 
2410 | 2415 | 2421 | 2497 | 2432 2443) 244971 1 2)}2 3 814 4°56 
2466 | 2472 | 2477 | 2483 | 2489 9500 | 25068 Tf f2\2. 8 B46 Ss 
2523 | 2529 | 2535 | 2541 | 2547 2569) Zo640 1 16 212.38 4 | 45°56 
2582 | 2588 | 2594 | 2600 | 2606 2648 (262451 1 .2)2 8 474 °d26 
2642 | 2649 | 2655 | 2661 | 2667 9679 | 268504 °1.212 8 41 4-6.°6 
2704 | 2710 | 2716 | 2723 | 2729 WTA | S48 0-1 224138). 3 4 4 5e8 
2767 | 2773] 2780 | 2786 | 2793 2805 | 281281 1 213 3 4/4 5 6 
2831 | 2838 | 2844 | 2851 | 2858 StL 2ST at 1 Fis Sets S06 
2897 | 2904} 2911 | 2917 | 2924 99582944017 1-2/3 3 4).5 B36 
2965 | 2972 | 2979 | 2985 | 2992 8006} 3013f1 1218 38 415 5 6 
8034 | 3041} 3048 | 8055 | 3062 8076| 808871 1 218 4 415 6 6 
3105 | 3112] 3119 | 3126 | 3133 8148) 815571 1.2/3 4 41/5 6 °6 


OomowNr | wayyy 


XXI.] LOGARITHMS. 44.7 
Antilogarithms. 
4/5 72198) 30 11 2 3/45 6I7 6 
3192 | 3199 3214 | 3221 | 322871 1 2/3 4. 4/ 5 6 
3266 | 3273 3289 | 3296 | 330471 2 213 4 5] 5 6 
3342 | 3350 3365 | 3373 | 8881] 1 2 213 4 5] 5 6 
3420 | 3428 3443 | 3451 | 345971 2 2/3 4 516 6 
3499 | 3508 3524 | 3532 | 354071 2 213 4 5] 6.6 
3581 | 3589 3606 | 3614/ 362271 2 2/3 4 5] 6 7 
3664 | 3673 3690 | 83698 | 370771 2 3/38 4 5| 6 7 
3750 | 3758 3776 | 3784 | 379371 2 3/3 4 5| 6 7 
3837 | 3846 3864 | 3873 | 388271 2 3/4 4 516 7 
3926 | 3936 3954 | 3963 | 397211 2 8/4 5 5| 6 7 
4018 | 4027 4046 | 4055 | 406471 2 3134 5 6/6 7 8 
4111 | 4121 4140} 4150; 415971 2 8/4 5 6| 7 8 9 
4207 | 4217 4236 | 4246 | 425671 2 3/4 5 6] 7 8 9 
4305 | 4315 4335 | 4845) 435571 2 3/4 5 6| 7 8 9 
4406 | 4416 4436 | 4446] 445771 2 3/4 5 617 8 9 
4508 | 4519 4539 | 4550 | 4560} 1 2 3/4 5 617 8 9 
4613 | 4624 4645 | 4656 | 466771 2 3/4 5 6] 7 9 10 
4721 | 4732 4753 | 4764| 477571 2 3)4 5 7] 8 910 
4831 | 4842 4864 | 4875| 488711 2 3/4 6 7] 8 910 
4943 | 4955 4977, 4989] 500071 2 315 6 7] 8 910 
5058 | 5070 5093 | 5105) 511771 2 415 6 7] 8 911 
5176 | 5188 5212 | 5224 | 523641 2 41/5 6 7} 81011 
5297 | 5309 5333 | 5346] 5358f1 2 4/5 6 7| 91011 
5420 | 5433 5458 | 5470) 548371 3 4,5 6 8] 9 1011 
5546 | 5559 5585 | 5598| 5610; 1 3 4/5 6 8] 9 10 12 
5662 | 5675 | 5689 5715 | 5728] 574141 3 415 7 8} 91012 
5794 | 5808 | 5821 5848 | 5861] 5875}1 3 4/5 7 8] 9 11 12 
5929 | 5943 | 5957 5984 | 5998} 6012}1 3 4/5-7 8/10 11 12 
6067 | 6081 | 6095 6124 | 61388| 615271 3 4/6 7 8]10 11 18 
6209 | 6223 | 6237 6266 | 6281 | 629571 3 4/6 7 9/1011 18 
6368 | 6383 6412 | 6427 | 6442]1 3 4/6 7 9110 12 18 
6516 | 6531 6561 | 6577 | 659272 3 5/6 8 9/11 12 14 
6668 | 6683 6714 | 6730| 6745]2 3 5/6 8 9/11 12 14 
6823 | 6839 6871 | 6887 | 690272 3 5/6 8 9/1113 14 
6982 | 6998 7031 | 7047 | 7063]2 3 5/6 8 10/11 13 15 
7145 | 7161 7194 | 7211] 7228}2 3 5/7 8 10|12 18 15 
7311 | 7328 7362 | 7379 | 7396]2 3 5|7 8 10/12 13 15 
7482 | 7499 7534 | 7551 | 756872 3 5/7 9 10/12 14 16 
7656 | 7674 7709 | 7727| 774512 4 5/7 9 11/12 14 16 
7834 | 7852 7889 | 7907 | 7925}2 4 5/7 9 11/13 14 16 
8OL7 | 8035 8072 | 8091} 8110}2 4 6/7 911/13 15 17 
8204 | 8222 8260 | 8279 | 829912 4 6/8 911/138 15 17 
8395 | 8414 8453 | 8472 | 849212 4 6/810 12/14 15 17 
8590 | 8610 8650 | 8670 | 8690} 2 4 6|8 10 12/14 16 18 
8790 | 8810 8851 | 8872 | 8892} 2 4 6/8 10 12/14 16 18 
8995 | 9016 9057 | 9078 | 9099] 2 4 6/810 12/15 17 19 
9204 | 9226 9268 | 9290 | 931172 4 6/|8 11°13|/15 17 19 
9419 | 9441 9484 | 9506 | 952872 4 7/911 13/15 17 20 
9638 | 9661 9705 | 9727 | 975042 4 7/911 13/16 18 20 
9863 | 9886 9931 | 9954 | 997712 5 7/911 14/16 18 20 
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MISCELLANEOUS EXAMPLES. 


382. Some Applications of Graphs. When two quantities 
x and y are so related that a change in one produces a propor- 
tional change in the other, their variations can always be expressed 
by an equation of the form y=az, where a is some constant quantity. 
Hence in all such cases the graph which exhibits their variations 
is a straight line through the origin, so that in order to draw the 
graph it is only necessary to know the position of one other point 
on it. Such examples as deal with work and time, distance and 
time (when the speed is uniform), quantity and cost of material, 
principal and simple interest at a given rate per cent., may all be 
illustrated by linear graphs through the origin. 


EXAMPLE 1. At8a.m. A starts from P to ride to Q which is 48 miles 
distant. At the same time B sets out from Q to meet A. If A rides at 
8 miles an hour, and rests half an hour at the end of every hour, while B 
walks uniformly at 4 miles an hour, find graphically 

(i) the teme and place of meeting ; 
(1) the distance between A and B at 11 a.m. ; 


(111) at what time they-are 14 miles apart. 


In Fig. 14 on the opposite page, let the position of P be chosen as 
origin; let time be measured horizontally from 8 a.m. (1 inch to 
1 hour), and let distance be measured vertically (1 inch to 20 miles). 
Thus each division on the horizontal axis represents 6 minutes and 
each division on the vertical axis stands for 2 miles. ; 


In 1 hour A rides 8 mi. ; therefore if D is taken 0°4inch above the 
point which marks 9p.m., PD is the graph of A’s motion for the first 
hour. In the next half hour he makes no advance towards Q ; therefore 
the corresponding portion of the graph is DE. Proceeding in the same 
way, we may complete the broken line PDEFGHKxX giving the details 
of A’s motion between 8 a.m. and 1 p.m. 


On the vertical axis mark PQ to represent 48 mi. and mark the hours 
on the horizontal line through Q. At 9a.m. B has walked 4 mi. 
towards P. Measuring a distance to represent 4 mi. downwards we 
get the point R, and QR produced is the graph of B’s motion. It cuts 
A’s graph at X. Hence the point of meeting is X, which is 28 mi. from 
P, and the time is 1.p.m. 

The distance between A and B at any time is shewn by the difference, 
of the ordinates. Thus at lla.m. their distance apart is MG, which 
represents 20 mi. 

Lastly, to find when A and B are 14 mi. apart, slide a graduated 
ruler parallel to the vertical axis till the difference of the ordinates of 
the two graphs is found to be 14. This is shewn by NT; thus the time 
is 11.30 a.m. 


APPLICATIONS OF GRAPHS. 
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Nore. In examples of this type the advantage of the graphical 
method lies in the fact that a graph records a number of allied results 
which can be interpreted at a glance instead of making each a subject 
of separate calculation. For instance, the diagram on the preceding 
page gives the relative positions of A and B at any time between 8 a.m. 
and 1 p.m. 


Example 2. A, B, and C run a race of 300 yards. A and C start 
from scratch, and A covers the distance in 40 seconds, beating C by 
60 yards. B, with \2 yards’ start, beats A by 4 seconds. Supposing the 
rates of running in each case to be uniform, find graphically the relative 
positions of the runners when B passes the winning post. 


Find also by how many yards B is ahead of A when the latter has run 
three-fourths of the course. 


In Fig. 15 on the opposite page, let time be measured horizontally 
(1 inch to 20 seconds), and distance vertically (1 inch to 60 yards). 
Thus each division on the horizontal axis represents 2 seconds, and 
each division on the vertical axis stands for 6 yards. 


O is the starting point for A and C; and if we take OP equal to 
0-2inch, representing 12 yards, on the vertical axis, P will represent 
B’s starting point. 


Since A runs 300 yards in 40 seconds, the graph of his course is 
found by joining O to the point which marks 40 seconds on the time- . 
axis. 


From this point measure a vertical distance of 1 inch downwards to 
@. Then since 1 inch represents 60 yards, Q is C’s position when A is 
at the winning post, and OQ is the graph of C’s course. 


Along the time-axis take 1‘8inch to R, representing 36 seconds; 
“hen since 6 completes his course in 36 seconds, PR represents the 
gray of B’s running. 

Through R draw a vertical line to meet the graphs of A and C in 
S and T respectively. Then S and T mark the positions of A and @ 
when B passes the winning post. 


By inspection RS and ST represent 30 and 54 yards respectively. 
Thus B is 30 yards ahead of A, and A is 54 yards ahead of C. 


Again, since A runs three-fourths of the course in 30 seconds, the 
difference of the corresponding ordinates of A’s and #’s graphs after 
30 seconds will give the distance between A and B. By measurement 
we find VW =0-45 inch, which represents 27 yards. 


Thus B is 27 yards ahead of A when the latter has run three-fourths 
of the course. 


Nots. The solutions of the two preceding examples have been 
given very fully to illustrate and enforce the general principles on 
which the linear graphs depend. Solutions may usually be presented 
with less detail, and the results quickly obtained from a well-drawn 

lagram on a suitable scale. 
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383. When a variable quantity y is partly constant and partly 
proportional to a variable quantity a, the algebraical relation 
between w# and‘y is of the form y=ax+b, where a and b are 
constant. The corresponding graph will therefore be a straight 
line; and since a straight line is completely determined when 
the positions of two points are known, it follows that, in all 
problems which can be illustrated by linear graphs, it is sufficient 
if the data furnish for each graph two independent pairs of 
simultaneous values of the variable quantities. 


Exameue 1. Ina certain establishment the clerks are paid an initial 
salary for the first year, and this is annually increased by a fixed bonus, 
the imitial salary and the bonus being different in different departments. 
A receives £130 in his 10% year, and £220 in his 19%». B, in anothe~ 
department, receives £140 in his 5 year and £180 in his 13%, 


Draw graphs to shew their salaries in different years. 
In what year do they receive equal salaries ? 


Also find in what year A earns the same salary as that received by B 
for his 21% year. 


In Fig. 16 let each horizontal division represent l year; and let the 
salaries be measured vertically, beginning at 130, with 1 division to 
represent £2. 


Suppose the initial salary is denoted by £a, and the yearly bonus by 
£b; then the salary for the first year is £a; for the second it is 
£(a+6); for the third it is £(a+2b); for the fourth it is £(a+3b); 
and so on. 


Hence if the salary after x years is denoted by £y, it is evident that - 
in each case we have a relation of the form y=a+bx, where a and } 
are constant. ‘Thus the. variations of time and salary may be repre- 
sented by linear graphs. 


After 9 years A receives £130, and after 18 years he receives £220. 
That is, when «=9, y=130, and when 2=18, y=220. Thus the points 
P and @ are determined, and by joining them we have the graph for 
A’s salary. 

Similarly the graph for A’s salary is found by joining P’ (4, 140) and: 
Q’ (12, 180). : 

To find in what year A and B have equal salaries we must note the 


point L where the two graphs have the same ordinate and abscissa. 
Here — 16,4, =200. 

Thus A and B have the same salary when each have served 16 years, 
that is in their 17 year. 

Again B’s salary at the end of 20 years is given by the ordinate of 
M, which is the same as that of Q which represents A’s salary after 
18 years. 

Thus A’s salary for his 19% year is equal to B’s salary for his 
215t vear. 
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MISCELLANEOUS EXAMPLES VI. 


. By measuring time along OX (1 inch for 1 hour) and distance 
along OY (1 inch for 10 miles) shew how to draw lines 


(i) from O to indicate distance travelled towards Y at 12 miles 
an hour ; 


(ii) from Y to indicate distance: travelled towards O at 9 miles 
an hour. 


If these are the rates of two men starting at noon to ride towards 
each other from places 60 miles apart, find from the graphs when 
they are first 18 miles from each other. Also find (to the nearest 
minute) their time of meeting. 


2, At noon A starts to walk at 6 miles an hour, and at 1.30p.m. 
B follows on horseback at 8miles an hour. When will B overtake A? 
Also find 
(i) when A is 5miles ahead of B; 


(ii) when A is 3miles behind B. 


3. Two bicyclists ride to meet each other from two _ places 
95 miles apart. A starts at 8a.m. at 10 miles an hour, and B starts 
at 9.30a.m. at 15 miles an hour.. Find graphically when and where 
they meet, and at what times they are 375 miles apart. 


[Take 25 mi. to the inch vertically, and lhr. to the inch horizon- 
tally. ] 


4, The salary of a clerk is increased each year by a fixed sum. 
After 6 years’ service his salary is raised to £128, and after 15 years 
to £200. Draw a graph from which his salary may be read off for 
any year, and determine from it (i) his initial salary, (ii) the salary 
he should receive for his 21st year. 


5.f A man gains 12 per cent. by selling articles at 16s. 4d. each ; 
what price must he charge for each article in order to make a profit 
of £10. 18s. 9d. on the sale of 100 articles ? 


6. The table given below shews the approximate population and 
the average daily supply of water per head in the places named. 
Kstimate the average supply per head for the three cities taken 
together : 


| 


Approx. population. Gallons per head. 


Manchester, - = 610,000 16°5 
Liverpool, : - 730,000 17°9 
Birmingham, - - 520,000 15°3 
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7. A man’s income from 23 per cent. Consols (after income tax at 
ls. in the £ has been deducted) is £448. 8s. How much stock does he 
hold ? 


8. A takes 9 strides to B’s 7; A’s strides are 34 {t., and B’s 4t ft, 
Find how far A must run to catch B who has a start of 25 yards. 


9, X and Y are two towns 35 miles apart. At 8.30 p.m. A starts to 
walk from X to Y at 4 miles an hour ; after walking 8 miles he 
rests for half an hour, and then completes his journey on horseback at 
10 miles an hour. At 9.48 a.m. B starts to walk from Y to X at 3 miles 
an hour ; find when and where 4 and B meet. Also find at what times 


they are 65 miles apart. 


10. A can beat B by 20 yards in 120, and B can beat C by 10 yards 
in 50. Supposing their rates of running to be uniform, find graphically 
how much start A can give C in 120 yards so as to run a dead heat 
with him. If A, B, and C start together, where are A and C when B 
has run 80 yards? 


ll. A, 4, and C run a race of 200 yards. A gives Ba start of 


_ 8 yards, and C starts some seconds after A. A runs the distance in - 


25 seconds and beats C by 40 yards. B beats A by 1 second, and when 
he has been running 15 seconds, he i8 48 yards ahead of C. Find 
graphically how many seconds C starts after 4. Shew also from the 


“graphs that if the three runners started level they would run a dead 


heat. 
[Take linch to 40 yards, and linch to 10 seconds. | 


12, VThe rainfall on a roof 20 ft. long and 12 ft. wide is collected in a 
covered rectangular cistern 5 ft. long, 4ft. wide, and 8 ft. deep ; what 


depth of water will be found in the cistern after a fall of 2inches of 


rain? 


13. When the exchange between Paris and London is 25104 francs 
for £1, express 430 fr. 50c. in £. s. d. to the nearest penny. 


14, Find, to the nearest penny, the difference between the simple 
and kage interest on £401. 13s. 4d. for 3years at 5 per cent. 


_ 15." It cost £42 to carpet the whole floor of a room 30 ft. long and 
Zeit. wide; if a space 1 ft. 3in. wide is left. uncovered all round, 
what is the saving in cost ? 


16. “Standard gold consists of 11 parts by weight of pure gold and 
I part of copper. If a sovereign weighs 123 grains, find how many can 
be coined from a bar of standard gold containing 11b. avoirdupois of 
pure gold. 


17, A and B ride to meet each other from two towns X and Y which 
are 60 miles apart. A starts at 1 p.m.. and B starts 36 minutes later. 
If they meet at 4 p.m., and A gets to Y at 6 p.m., find, by means of a 
graph, the time when B gets to X._ Also find the times when they are 
22 miles apart. When A is half-way between X and Y, where is B? 


456 ARITHMETIC. 


18. Two men, setting out at the same time from places A and B, 
twelve miles apart, meet at a distance of four miles from B. If they 
had both started together from A, at the same rates as before, and the 
faster one had gone to B and immediately turned back, how far from B 
would he have met the other? Verify your solution graphically. 


19, <A cyclist has to ride 75miles. He rides for a time at 9 mi. an 
hour and then alters his speed to 15 mi. an hour, covering the distance 
in 7 hours. Find graphically at what time he changed his speed. 


20. A county contains three districts, A, B, C. The population of 
A is 185000 and is increasing at the rate of 0-482 per cent. per annum ; 
that of B is 235000 and is increasing at the rate of 0:324 per cent. per 
annum ; that of C is 325000 and is increasing at the rate of 0°516 per 
cent. per annum. What is the rate of increase per cent. per annum for 
the whole county ? 


a1 In the first four months the takings of a business are respectively 
£335. 28. 15d., £371. 15s. 1ld., £401. 11s. 54d., and £446. 11s. 6d. What 
must be the average takings for the remaining months in order that 
the receipts for the year may amount to £5000? 


22, Express 765 and 7931520 in prime factors. Find all the pairs 
of numbers which have 765 for their H.C. F. and 7931520 as their L.C. M. 


93,/ The cost of turfing a rectangular grass plot of which the sides 
are in the ratio of 2:3 is £14. 8s., at the rate of 4d. per square foot. 
Find the lengths of the sides. 


24, The capital of a railway is six millions sterling; one-third is 
borrowed on mortgage at 44 per cent., the remainder is held in shares. 
The working expenses are 40 per cent. of the gross receipts : find, to the 
nearest penny, what the average weekly receipts must be to pay the 


shareholders 5 per cent. 


25, A man buys eggs at 18 for a shilling, and sells them at 103d. 
per dozen ; find his gain per cent. 


26. By using decimal contracted methods find, to the nearest penny, 
the value of 40 tons 2cwt. 12Ibs. at £17. 5s. 7d.-per ton. 


27. ‘Three substances are mixed together: their volumes are pro- 
portional to 3, 4, 5 respectively, and the weights of equal volumes are 
proportional to 4, 5, 6 respectively. What is the weight of each 
substance if the weight of the mixture is 5 lbs. 13 oz. ? 


28. The distance from London to Bristol is 119 miles; if I were 
to set out at noon to cycle from London, riding 26 miles the first hour 
and decreasing my pace by 3miles each successive hour, find graphi- 
cally how long it would take me to reach Bristol. Also find 
approximately the time at which I should reach Faringdon, which 
is 48 miles from Bristol. 
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29. The following table shews the number of acres planted with 
tea in India and Ceylon in three different years : 


1895. 1900. 19065. 


Number of acres planted with tea, - 720,71'7 914,487 | 913,290 


It has been estimated that the increase of acreage between 1895 
and 1900 caused an increase of crop of 48 million lbs. Find how much 
tea (to the nearest lb.) this gives to the acre. 


Find also, at the same rate, the decrease of crop owing to the 
decrease of acreage between 1900 and 1905. (C.8.) 


30. Find graphically at what distance from London, and at what 
time, a train which leaves London for Rugby at 2.33 p.m., and goes 
at the rate of 35 miles an hour, will meet a train which leaves Rugby — 
at 1.45p.m. and goes at the rate of 25miles an hour, the distance 
between London and Rugby being 80 miles. 


Also find at what times the trains are 24 miles apart, and how far 
apart they are at 4.9 p.m. 


[Take linch to 20 mi., and 1 inch to 2hrs.] 


Sie kK rectangular plot of building land with a frontage of 34 feet 
and a depth of 125 feet was let on a building lease at the rate of 
£60 peracre. Find the rent of the plot to the nearest penny. 


o2, A tradesman marks his goods at such a price that he can 
deduct 10 percent. for cash and yet make 15 percent. profit. What 
is the marked price of an article which cost him £3. 12s. ? 


33. A can do a piece of work in 24 days which B can do in 33 days. 
If A’s wages are £1.16s. 8d. a week and B’s wages are £1.8s. 9d., 
what would A have charged for doing a piece of work for which B 
received £11. 10s. ? 


34. In France, when the population was 33°4 millions, the number 

of acres under wheat was 13,224,000, and the average yield per acre 
_ 15‘2bushels; when the population had grown to 38:2 millions, the 
_ acres under wheat were 17,198,000 and the average yield in bushels 
per acre 18-0. 


Find at each period the total wheat crop in bushels (to the nearest 
million bushels) and the amount of wheat raised per head of population 
(to the nearest bushel). (C.8.) 


30. The expenses of a school are partly constant and partly 
proportional to the number of boys. The expenses were £650 for 
105 boys, and £742 for 128. Draw a graph to represent the expenses 
for any number of boys; find the expenses for 115 boys, and the 
number of boys that can be maintained at a cost of £710. 


[See Art. 383. Take linch to £100 on the axis of y, linch to 
10 boys on the axis of #; and begin measuring ordinates at 600, 
abscisse at 100. ] : 
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36. The annual expenses of a Convalescent Home are partly constant 
and partly proportional to the number of inmates, The expenses were 
£384 for 12 patients and £432 for 16. Draw a graph to shew the 
expenses for any number of patients, and find from it the cost of 
maintaining 15. 

In a rival establishment the expenses were £375 for 5, and £445 for 
15 patients. Find graphically for what number of patients the cost 
would be the same in the two cases. 


37, At the last census in a certain town it was found that the males 
were 42 percent. of the population, and in another town 46 per cent. 
of the population was male. The population of the first town is to 
that of the second as 3:8. What percentage (to the nearest integer) 
of the combined populations of the two towns is male ? (C.S.) 


38. A closed cubical cistern, made of metal 1 centimetre thick, has 
an internal capacity of 1 cubic metre. Assuming the metal to be 7 times 
as heavy as water, find the weight of the cistern in kilograms. 


39. If the decimal fraction 0°567 of a pound were taken to be equal 
to 567 farthings, express the error that would be made as a percentage 
of the true value. 


Find, to the nearest whole number, what the error would be in 
farthings. (C.S8.) 


40. Two casks originally contain 60 gallons of wine and 30 gallons 
of water respectively. On three successive occasions 12 gallons of 
liquid are drawn from each cask and placed in the other. Express in 
gallons and decimals of a gallon the quantity of wine now in each 
cask. 


41, A piece of work can be done by 3men and 4 boys in 6 days, 
by 3men and I boy in 8 days, and by 4women and 8 boys in 5 days. 
How long would a woman take to complete the work single-handed ? 


42. Calculate to the nearest centime, and using as few figures as 
possible, the value of £32. 17s.114d. in French money, at the rate of 
25 franes 11 centimes for £1. 


43, What is the ground-rent per acre, when an estate of 9acres 
3roods 25 poles yields £166. 8s. 6d: in ground-rents ? 


44, A ventilating tube whose sectional area is 44 square inches is 
delivering a current with the velocity of 1-24 ft. per sec. into a hall 
whose dimensions are 52 feet by 35 feet by 21 feet. Find, to the nearest 
second, how long it will take for the air of the hall to be renewed 
in this way. - 


45. A man travels 60 miles in 3 hours, partly by rail and partly by 
coach. If he had gone all the way by rail he would have arrived at 
his destination an hour earlier, and would have saved two-fifths of 
the time he was on the coach. How far did he travel by coach ? 
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46. A merchant borrows £34,481 on the condition that at the end 
of each year he is to pay back part of the principal, with interest at 
57% on the amount standing unpaid during the year. Prove that by 
an annual payment of £9724. 1s. he can clear off the debt in four years. 


47, If 31 Napoleons contain 180 grams, and 6231 sovereigns 704103 
grains, of gold, find the smallest whole number of Napoleons that are 
equal to a whole number of sovereigns, 5 lbs. being equivalent to 
2°268 kilograms. 


48. <A grocer mixes two qualities of sugar at 33d. and 5d. per lb. 
respectively, and gains 2 per cent. on his outlay by selling the mixture 
at 43d. In what ratio does he mix the two qualities ? (C.8.) 


49, Preve, with as little calculation as possible, that 
39°94771 x 2:499531 + 1249835 
is greater than 0:00007 and less than 000009. (C.8.)} 


50. If a fall of £2°3375 in the selling price of certain goods converts 
the seller’s profits of 55 percent. on his outlay to a loss of 53d. in the 
£, what did he pay for the goods? (C.8.) 


51, French and English wall papers are cut into pieces, the former 
18inches wide and 9 yards in length, the latter 22} inches wide and 
12 yards in length. A paperhanger’s book contains patterns of both 
which are priced by the piece. How would you reduce the prices of 
the French pieces (given in English money) so as to compare them with 
the prices of the English pieces ? (C.8.) 


52. ‘Two pedestrians, X and Y, start from A and D respectively at 
the same time, their rates of walking being as 4:3. X’s rate on the 
level is 4miles an hour, uphill 3 miles an hour, and down hill 5 miles 
an hour. Where will they meet? (C.8. ) 


C ’ 
4 wee es : ce 
<—___———_ 8 ae eo 
B . D 


A 


[The numbers indicate miles; A to B is 8 miles, B to C 44 miles, and 
C to D 6 miles. ] 


53, A walks 7+ yds. while B walks 6. If they start from the same 
point walking in the same direction, and B has a start of 20 yds., find 
graphically A’s position relatively to B 

(i) when B has walked 50 yards ; 
(ii) when A has walked 130 yards. 


How far will B have walked when he is 4 yards behind A ? 
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54, I row against a stream flowing 14 miles an hour to a certain 
point, and then turn back, stopping two miles short of the place 
whence I originally started. If the whole time occupied in rowing is 
2hrs. 10 mins. and my uniform speed in still water is 45 miles an hour, 
find graphically how far upstream I went. 

[Take 1:2 of an inch horizontally to represent 1 hour, and linch to 
2 miles vertically. ] 


55, A pint measure is 12°4cm. high to the nearest mm. Find what 
must be the height of a litre measure of the same shape. Among 
measures of the same shape the volume varies as the cube of the 
height. A litre is 1°76 pints to the nearest hundredth. ot AOS.) 


56. In making out his balance-sheet a manufacturer reckons that 
his machinery (if there have been no renewals) deteriorates in a year 
by Spercent. of its value at the beginning of the year. If he buys 
machinery that costs £2740, at what value will it stand in his balance- 
sheet 6 years afterwards ? (C.S.) 


57. If 10men, 8 women, and 6 boys can complete a piece of work in 
25 days, for how many days will 19 men, 20 women, and 30 boys be 
occupied upon three times the work, the work of a man, woman, and 
boy being to one another as 5 to 3 to2? 


58. <A recipe gives directions to mix 4 parts of substance A with 
7 parts of substance B. These parts ought to be taken by weight but, 
by mistake, they are taken by volume. Find the error in the percent- 
age of weight of A in the mixture if 117 cubic inches of A weigh as 
much as 15] cubic inches of B. (C.S.) 


59. A haystack 30 ff. long has throughout its 
length the section shewn in the margin to a scale 
of Linch to 6yds. The area of a section which is 
wit. wide, bft. high at the sides, and c ft. high at 
fa sq. ft. Find (to the nearest 4 
ton) the weight of hay in the stack, taking a cubic 
foot of hay as weighing 10 lbs. 


the ridge is a x 


60. A rectangular stone trough is 3ft.9 ins. long, 2 ft.’7 ins. broad 
and 1ft.2ins. deep externally, and weighs 874]bs. when empty. The 
interior surface is irregular, but it is found by trial that the trough 
holds 38 gallons. Find, to one place of decimals, how many times the 
stone is as heavy as water, bulk for bulk.” [1 cubic foot of water weighs 
62°3 lbs., 1 gallon of water weighs 10 lbs. ] (C.S.) 


61. A man has a lease of a house, which has 3 years to run, and the 
rent is £150a year, to be paid at the end of each year. In considera- 
tion, however, of a sum of money paid down he gets the rent reduced 
to £100 for the rest of his term. Find, to the nearest shilling, what 
sum he ought to pay, the current rate of investments being 3 per cent. 
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62. At the age of 20 a clerk commenced at £100a year for the first 
three years. His salary was then raised £20 each year for 10 consecu. 
tive years, and afterwards remained stationary. He has just retired, 
and reckons that, on the average, his salary has been £250 a year. 
What is his present age? (C.8.) 


63. There was a question in an arithmetic paper:—To find the 
L.C.M. of three given numbers. One of them was 3425, another 
-1829, and the third was an even number of 5 figures. One candidate, 
by mistake, copied down 3245 instead of 3425 but obtained the correct 
answer. What was the third given number? (C.8.) 


64, I have two kinds of foolscap paper ruled, so that on the one 
I find that 10 intervals measure 3‘3inches, and on the other 8 intervals 
measure 2‘7inches. Express, as the vulgar fraction of an inch, how 
much an interval on the one paper differs in size from an interval on 
the other paper. 


Also find the shortest distance which is equal to an exact number. 
of intervals on both kinds of paper. (C.8.) 


65. Assuming that 32 metres=105 feet, and that 4litres=7 pints, 
find how many litres of water would be contained in a trench 48 metres 
long, 2metres wide, when a trench of the same depth, 35 ft. long and 
4 ft. wide, contains 2400 gallons. 


66. A starts 3min. after B for a place 43 miles distant. B on 
reaching his destination, immediately returns, and after walking a 
mile meets A. If <A’s speed is a mile in 18 minutes, what is B’s 
speed ? 


67, A, B, and C entered into partnership, and provided capitals of 
£1100, £1300, and £1700 respectively. Some months later, £500 extra 
capital being needed, it was supplied by B. At the end of 12 months 
the total profit was £2513. 14s., and A’s share thereof £623. 14s. When 
did B supply the extra capital ? 


68. If 1 metre =39°37 inches; 1 gram=15°43 grains, find by how 
much per cent. a pressure of 15lbs. per square inch exceeds a pressure 
of 1 kilogram per square centimetre. 


69. A man’s expenditure each year is to his income for that year as 
5 is to 4; and his income for any year is to his income for the previous 
year as 9 is to 10. His expenditure for the year 1902 exceeded by 
50 his income for the year 1900. What was his income in 1900? 


70, A wine merchant buys 200 gallons of wine at 10s. per gallon ; 
at the end of 4 years he finds that 25 gallons of it have been lost 
by leakage ; at what price per gallon must he sell the remainder so 
that he may have 5 per cent. compound interest on his capital ? 


71. One cubic centimetre of concentrated sulphuric acid weighs 
~1°842 grams. If 70 parts by volume of this acid are mixed with 30 
parts of water, it is found that one cubic centimetre of the mixture 
weighs 1°615 grams. Find how much per cent. the ‘mixture has 
shrunk. (C.8.) 
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72. Three athletes run a three-mile race round a course of 528 yards. 
Their rates are as 32:30:22. Find the positions of the other two 
when the winner comes in. 


73. A man buys some property for £2800, and lets it on lease at 
a rent of £155 per annum; if the property costs £14 a year for 
repairs, what interest does he get on his investment ? 


If the rent be collected by an agent for a commission of 25 per 
cent., what is the net interest obtained by the landlord ? 


74, The third-class return fare from London to Plymouth, a distance 
of 234 miles, is 32s.10d. Express this in terms of centimes per kilo- 
metre, having given that 1 yard =0°9144 metre, and £1=25:17 francs. 


75. A motor-car, travelling at the rate of 40 miles an hour, starts 
from a place P to travel, on a road running beside a railway, to 
a place Q, a distance of 150miles. Fifteen minutes after the motor- 
car has started, a train, travelling at the rate of 60 miles an hour, 
leaves P to go to Q. If the train stops for five minutes at a station 
35 miles from P, find graphically : 

(i) At what distances from P the train and motor-car are together. 


(ii) The length of time between the arrivals at Q of the train and 
motor-car. (C.S.) 


76. From a vessel containing a gallons of spirits, b gallons are 
taken and replaced by water. From the mixture »b gallons are 
taken and replaced by water; shew that the vessel now contains 


a (—*) gallons of spirits. 
a 


77. A, B, and C together can do a piece of work in 60days. After 
they had worked together for 10days, A withdraws and B and C 
work together for 20days. 6b then withdraws and C completes the 
work in 96 days more, working one-third longer each day. Working 
at his former rate C’ could alone do the whole work in 222 days. Find 
how long B would take to do the work alone. 


78. A sum of money is accumulating at come interest at a _ 
certain rate per cent. If simple interest instead of compound were 
reckoned, the interest for the first two years would be diminished 
by 13s. 4d., and that for the first three years by £2. 0s. 4d.; what 
is the sum ? 


79,. Express ./25 +»/125 as a decimal correct to 4 significant figures. 


80. The elder of two brothers inherited from his father two-fifths 
more money than the other. Since their father’s death, the elder 
brother has increased his capital to the extent of three-sevenths of its 
original value, and the younger has lost £707. He now finds that he 
has only £43 for every £100 that his elder brother has. How much 
had each at first ? 
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81. A rectangular roof 10°54 metres long by 8:2 metres broad is 


covered with sheet lead whose thickness is 8 millimetres. 
weight of the covering in kilograms. 


Find the 
[Specific gravity of lead =11°35.] 


82. Using contracted decimal work find the value of 5tons 3 cwt. 
265 lbs. at £1. 17s. 54d. per cwt. 


83. A train starting at 120’clock on a 25 mile journey passes the 


points given in the annexed table at the stated times: 


Arrives 
hy ries he ae ay Hen. he ao) bay, | hee, 
Time, ED. LQ LOS ee bee 12. 20.9) 12,27 | 19ST ee 
stops Stop. 
3 mins. 
_ Distance | 
in miles, | 0 2 5 10 L5 17 20 25 


Plotting times horizontally and distance vertically, draw the curve 
shewing the speed of the train throughout, and find from it at about 
what distance from the start the speed is greatest, and that speed in 


miles per hour. 


(C.8.) 


84, The weight of a foot-length of cast-iron pipe when the metal 
is }inch thick is given by the following table : 


os 


| 15 | 2 | 25 | 8 | 35 | 4 | 45 | 5 
oy 


] 
w | 74 


9:8 | 12:3 | 14-7 | 17-2 | 19°6 


29°] | 245 


27°0 


D being the diameter of the bore in inches and W the weight of 


the pipe in lbs. 


Draw a graph to represent this relation, and from 


it give the weight of a foot-length when the diameter of the bore is 


3t inches. 


_the scales clearly on the figure. 
To check your result calculate the weight of the pipe for a bore 
‘of 3;inches by means of the formula 


W =1°567(D +0°5). 


Represent linch by 4cm., and 1Ib. by 1cem., and shew 


(C.8.) 


85. A gramophone with 5rolls of music costs £7; the same gramo- 
phone with 20rolls of music costs £9. How much should be paid for 
the gramophone with 50rolls of music? 


(C.8.) 


86. The following rules for conversion of units are sometimes 


~ employed : 


(1) to convert ounces to grams multiply by 


85. 


se, 


(ii) to convert pounds to kilograms multiply by 3°;. 
Having given 1 kilogram=2-204 pounds, find the percentage error 


in each ease. 


(C.8.) 
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87. If a sheet of lead 10°9 metres long and 19 decimetres wide 
weighs 1747kilograms, and 1 cubic centimetre of lead weighs 11-4 grams, 
what is the thickness of the sheet to the nearest tenth of a millimetre ? 


88. ‘Three persons contribute sums of £250, £500, and £750 
respectively towards a venture, on the understanding that the profits 
shall be divided in such a way that the rate of interest which each 
receives shall be in proportion to the amount of his contribution. 
If the profits fora year amount to £245, how much will each of them 
receive ? (C.S.) 


89. An astronomical clock has its dial divided in 24 divisions 
instead of 12, and the small hand goes round in 24 hours, the large 
hand going round once every hour. The 24hour is noon. Find when 
the hands are at right angles between 24 and 1, and also the interval 
between two successive meetings of the hands. 


90. In a hundred yards race A can beat B by 4 yards; in a quarter 
of a mile race C' can beat A by ll yards; by how much can C beat 
B in a mile race, supposing that the average speeds of each man when 
running a hundred yards, a quarter of a mile, and a mile are pro- 
portional to 9: 8:7? . 


91, Find the cost of making a road half-a-mile long, 36 ft. wide ; 
the soil being first excavated to a depth of one foot at a cost of 
Is, per cubic yard, rubble being then laid in, 9 inches deep, at a cost of 
ls. 6d. per cubic yard, and B8inches of gravel, at 3s. 3d. per cubic yard, 
being laid on the top, and the whole consolidated by a steam roller at 
a cost of 2d. per square yard. 


92. In the year 1905 the total British and Australian coinage was 
as follows : | 


| 


Gold. | Silver. | Bronze. 


| £18,588,000 | £510,490 | £100,325 | 
Express each of these totals as a percentage of the total coinage 


correct to three significant figures. 


93. A fundholder directs his broker to purchase £100 shares in a 
certwin mine, quoted at 2723 per share. To accomplish this he autho- 
rises him to sell out £850 in 3 p.c. stock at 955, and £1300 in 4} p.e. 
stock at 1053. The broker’s charge on each of the three transactions 
is $ percent. on the nominal value of the stock ; how much does he 
receive for the whole transaction ? 


94, An armourer undertakes to supply 2000 swords at 17s. 3d. each; 
and he estimates that if 5 per cent. fail to stand the required tests 
and are worthless, the profit will be 15 per cent. on his whole outlay. 
At the trial 35 per cent. of the swords prove worthless: how much 
does the armourer lose by the contract ? 
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95. The population of a certain town was 5000 in 1850 and its rates: 
of increase for successive periods of 10 years from 1850 to 1900 were 
8, 10, 13, 14, and 15 percent. Find the population at the end of each 
period, and plot a curve shewing the growth of population during the 


50 years. From the curve estimate the population in the years 1875 
and 1895. 


(C.8.) 

96. The following is an extract from Bradshaw : 
Distance from London in miles, | An evening train p.m. 
. 1; Leaves Willesden, - a OPED 
eee : ; ae Arrives at Northampton, 8.22 
Northampton, ; Oo Leaves Northampton, - 8,25 
Rugby, . : : - 825 |  Arvives at Rugby, - -. 8.52 


Find, to the nearest 10th of a mile, the speed in miles per hour 
between Willesden and Northampton, and between N orthampton and 
Rugby ; supposing the speed uniform on each run. 


Give a graph shewing the distance of the train from London at any 
time between 7.12 and 8.52. Use lem. to represent 10 minutes and 
2cm. to represent 10 miles. From the graph read off the distance 


from London at 8.15 p.m., and the time at which the distance is 
70 miles. (C.8.) 


97. The rent of a. house is £200 per-annum, due by half-yearly 
payments on Jan. Ist and July 1st, and no payment has been made 
since the beginning of last year. What sum to the nearest penny will 
be due at the beginning of next year, interest being added to arrears. 
at the beginning of each half year, at the rate of 5 per cent. per annum ? 


98. Cycling from A to B I ride at 15°75 kilometres an hour except 
up one hill 0°75 kilometre long, where I dismount. and push the 
machine at 45 kilometres an hour. On returning I ride all the way 
at 15 kilometres an hour and take the same time ove 


r the journey. 
What is the distance from A to B? 


(C.8.) 


99. A and B start together from the same point on a circular 
track, and walk in the same direction till they both again arrive at 
the starting point. If A performs a circuit in 224 seconds’ and B in 
364 seconds, how many times will A have passed B? 


100. Find correct to 4 significant figures the value of (1°031485)°, 


stating with reasons what figures may be disregarded at any stage of 
the work. 


101. A rectangular field is 127:35 metres long and 98°27 metres 


wide. Express the area as the decimal ‘of an acre, having given that 
1 yd. =0°9144 metre. 


102. A man invests £1000 in 3p.c. stock at 105. At the end of 
the first year he invests the year’s dividend in the same stock at 107 ; 
at the end of the second year he invests the whole dividend for that 
year in the same stock at 108. What is his dividend for the third 
year, correct to the nearest penny ? 


AR. H.S Dif 
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103. From a quarter-cask (27 gallons) of sherry a dishonest servant 
abstracts half-a-pint daily, replacing it by half-a-pint of water. Find 
an expression to shew the number of pints of sherry left after 20 days. 


104, There are two cogged wheels, with 5 and 24 teeth respectively, 
working into each other. If the first makes 16 complete revolutions 
in 10 seconds, how many revolutions will the second make in 1 minute? 

(C.S.) 


105, The average annual depth of rainfall at a eertain place was 
24°98 inches for the years 1899, 1900, 1901 ; the succeeding three years 
it was 29°62. The year 1903 was the wettest, when there fell 4°8 inches 
more than in 1902, 6°36 inches more than in 1904, and 7°47 more .than 
in 1900. The fall in the year 1901 was short of the preceding year by 
only 0'17inch. Find the depth of rainfall that fell in each of the 
six years. (C.S.) 


106. In a flat race A beats B by 15 yards, and C by 29 yards. 
When B and Crun over the course together B wins by 15 yards; find 
the length of the course. 


107. A scholarship is founded from the investment of £2000 in 
45 p.c. stock at 114}: find the annual value of the scholarship after 
income tax at lld. in the £ has been deducted. 


108, Steel wire is made to bear a strain of 215,0001bs. per square 
inch of section. Find, to the nearest ewt., the weight that can be 
suspended from such a steel wire of diameter 0°104 of an inch. 


The area of the section is 0°785 x d?, where d is the diameter. (C.8.) 


109. A man bought certain goods of which he sold x ata profit of 
14 per cent., 3 at a profit of 17} per cent., and the remainder at a profit 
of 20 per cent. What was his profit per cent. on the whole ? 


110. A man lends his capital on mortgage at 33 per cent. per annum. 
After 6 months the money is repaid, with an additional month’s interest 
in lieu of notice. The man then uses the capital and interest to pur- 
chase 3 per cent. stock at 1083. He sells this stock at 1063 at the end 
of the year, having received one half-yearly dividend. If he has to 
pay a brokerage of 4+ percent. on the nominal value of the stock both 
when buying and when selling it, what is his net gain per cent. on his 
capital for the year ? | 


111, Three persons, A, B, and CO, hold a grazing farm in common 
at a yearly rent of £570. A puts in 126 oxen for three months; B puts 
in 162 for 5months ; and C puts in 72 for 12months. How much of 
the rent should each person pay ? 


112. A Parliamentary grant is made at the rate of 5s. per head for 
all the children at elementary schools. If this grant is distributed at 
the rate of 5s. 9d. per child in town and 3s. 3d. per child in country 
schools, what percentage of the total number of children are in each 
class of school? (C.S.) 
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113. A bicycle was sold at a loss of 40 percent. on the cost price, 
and a second bicycle was bought with the proceeds when 5 guineas had 
been added. This second bicycle was sold at a loss of 35 per cent., and 
a third bicycle was bought with the proceeds after the addition of 
ae 15s. 3d. This third bicycle cost £16; what was the price of the 

st? : 


114. Shew that a hectare is approximately 2°47] acres, having given 
that a metre is 3°28 feet. 


115. Knowing the number of pounds in a cubic inch of a substance, 
you can find the number of kilograms in a cubic centimetre by multi- 
¢ Pye 
plying by eae Express this multiplier as a decimal to 3 places. 
If steel weighs 488 lbs. per cubic foot, how many kilograms per cubic 
centimetre does it weigh ? 


116. The surface of a sphere of radius 7 inches is 437? square inches, 
_ where 7=3'14159. If m is taken, instead, to be equal to 22, find, 
roughly in square miles, the difference that this will make in the 
calculated area in the earth’s surface, the earth being a sphere of 
radius 4000 miles. (C.8.) 

117. -A company borrows the sum of £1,658,775 on the understanding 
that at the end of each year a portion of the principal is to be paid off, 
with interest at 4 per cent. per annum on the amount standing unpaid 
during that year. Prove that the debt can be cleared off in four years 
by an annual payment of £456,976. (C.S.) 


118. A ship strikes on a rock and fires guns at intervals of one 
minute. <A lifeboat’s crew start from the shore, rowing 3} miles an 
hour, at the instant when they see the flash of one of those guns, and 
they have rowed 308 ft. when they hear the report of the next gun. 
If light travels instantaneously, and sound at the rate of 1100 ft. per 
sec., what is the distance of the ship from the shore ? 


119. Two trains start at the same time, one from Liverpool to 
Manchester, and the other in the opposite direction, and running 
steadily complete the journey in 42 minutes and 56 minutes respec- 
tively. How long is it from the moment of starting before they 
meet ? (C.8.) 

Verify your result by a graphical solution. 


120, If 9men and 6boys can do in 2days what 5men and 7 boys 
could do in 3days, in what time could 2men and 5 boys do the same ? 


121. There are two jars, one containing a gallon of brandy and the 
other a gallon of water. One pint of brandy is taken from the first 
and placed in the second; then one pint of the mixture is taken from 
the second and placed in the first. Shew that the amount of water 
now in the first is equal to the amount of brandy in the second. 
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122, Assuming that the volume of a sphere is 0°5236 that of a cube 
whose edge is its diameter, and that a cubic inch of iron weighs 
4°48 oz., find to the nearest ounce the weight of a hollow sphere formed 
of iron 4. in. thick, whose internal diameter is 7 in. 


123. Three railway tickets, a Ist, a 2nd, and half a third class were 
purchased for 16s.10;d. The Ist class ticket cost 12 times as-much as 
the 2nd, and the 2nd class 1} times as much as a. whole 8rd class 
ticket. The distance travelled was 45 miles. Find the cost of each 
ticket and the rate per mile for each class. (C.8.) 


124, Find a prime number of 3 digits, such that the digit in the 
units place is equal to the sum of the other two, and if the other two 
digits be interchanged we still have a prime number of 3digits. (C.S.) 


125. <A man starts to row on the still water of a canal, and com- 
pletes a mile in quarter of an hour. He then reaches a river and rows 
with the stream 13miles in the next quarter of an hour. How long . 
will it take him to return to the starting point if he rows back with 
the same strength as on his outward course ? 


126. A man borrows £25,220 which he undertakes to pay back with 
compound interest at the rate of 5 percent. per annum in three equal 
yearly instalments at the end of one, two, and three years. Shew that 
each instalment is £9261. 


127. ‘'wo passengers have between them 345lbs. of luggage and 
pay on their excess luggage 4s. 2d. and 6s. 8d. respectively. If the 
luggage had belonged to one of them the excess charge would have 
been 15s. How much free luggage is allowed to each passenger ? 


128, The cost of producing a photogravure is partly fixed, viz. 
£30 for the plate, and partly variable, viz. 3s. 6d. per copy. What is 
the least number of copies that must be sold at 15s. each to ensure a 
profit? Verify the solution graphically. 


129. If silk costs 5-60 frances per square metre, find to the nearest 
penny the value of a piece of silk 14 yards long, 26 inches wide, having 
given £1=25-20fr., 1 metre =3°28 ft. 


130. The basin of the Severn is 4350 square miles in area, and the 
yearly rainfall 29inches. Half of the rain that falls is again evaporated 
and the rest flows to the sea. Find, to the nearest million gallons, 
how much water flows to the sea per hour. (A cubic foot of water is 
4°23 gallons. ) (C.8.) 


131. A party of tourists set out for a station 3 miles distant and go 
at the rate of 3miles an hour. After going half a mile one of them 
has to return to the starting point ; at what rate must he now walk in 
order to reach the station at the same time as the others? (C.S.) 


Verify your solution graphically. 
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132. Tithe Rent Charge in 1901 was of such value that every 
nominal £100 was really worth only £66. 10s. 94d. Find the amount 


of Tithe Rent Charge which is worth £1. 14s. 4d. less than its nominal 
value. (C Q ) 


133, The first of a series of cogged wheels, working into each other 
in a straight line, has a certain number of teeth ; the number of teeth 
in the second is to that of the first as 6:7 ; of the third to the second 
as 5:6; and of the fourth to the second as 2:3. If the wheels are 
set in motion, how many revolutions must each wheel make before 
they are simultaneously in their original positions ? (C.S.) 


134, What sum at compound interest will amount to £650 at the 
end of the first year and £676 at the end of the second year ? 


13a. Li a rectangular pathway which measures 787°4 metres in 
length and 1:53 metres in width is made at a cost of 1} franes per 
square metre, find the length to the nearest foot of a similar pathway 
6 feet wide which costs 1s. 11d. per square yard, the total cost. being 
the same. [Assume £1=25-20 fr. ] 


136. The receipts of a company amounted in one year to £354,000 
and the expenses to £251,000. In the subsequent year receipts fell off 
by 33 per cent. and expenses increased sper cent. Find by what 


percentage of itself the profit in the first year exceeded the profit in 
the succeeding year. 


137. At the beginning of a year a man invests £9000 in 3 per cent. 
stock at 117, and £7200 in 2? per cent. stock at 108. At the beginning 
of the next year when both stocks are at 111 he sells them. Assum. 
ing him to have received one year’s interest on each stock, and to 
have paid a brokerage of 5s. per £100 of stock on the latter trans. 


action but not on the former, find how much he has gained on the 
whole. 


138, Find the value of /1-009 — \/0-091 correct to 4 places of decimals. 


139. Two houses exactly alike are built one in 4 months and the 
second in 7months. The number of workmen engaged on the first 
is double that employed on the second, and they work two hours 
a day overtime, for which they are paid half as much again as for 
work done in the ordinary working day of 10hours. If the sum 
paid for labour is £1740, find the price of each house. 


140, A litre cf water weighs a kilogram, a litre of another liquid 
weighs 1°340 kilograms. A mixture of the two weighs 1:270 kilograms 
per litre. Determine the volume of each ina litre of the mixture. (C.S8.) 


141. Three trains start from a town A at 12.0, 12.5, and 12.10, 
and travelling each at a uniform rate by 3 different routes of the 
same length to a town B, are observed to pass a signal box at B 
exactly abreast of each other at 12.50. If at 12.20 the sum of the 
distances traversed by the three trains is 36 miles 7 furlongs, how 
far from A is the signal box at B? (C.8.) 
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142. The volume of a segment hem. high of a sphere of 7 em. 


radius is mark —h? c.em. How many litres of milk (to the nearest 


hundredth) will fill to a depth of 12cm. a hemispherical bowl of 
30 cm. diameter ? (C.8.) 


143. A milkman adulterates his milk as follows :—He takes a pint 
out of each gallon and replaces it with water. He then takes another 
pint out of the mixture and replaces that with water; and he repeats 
the operation a third time. If he then sells his adulterated milk at 
the price per gallon that the pure milk originally cost him, find his 
gain per cent. correct to two decimal places. (C.8.) 


144, By the use of logarithms find the value of 
., 52°45 x 378 '372 x 0:020863 - * 
52°45 x 378 372 x 0°020863 1-038)? x (1°025)4 x (1-05 
ee eo BeE (ii) (1-08)? x (1-025)* x (1-05), 
as accurately as the Tables permit. 


145. Find the amount at compound interest of £500 for 4 years, 
the interest being at the rate of 3 per cent. per annum for the first 
two years, 10 per cent. paid quarterly for the third year, and 5 per cent. 
per annum for the fourth year. 


146. One gallon of spirit which contains 11] per cent. of water is 
added to three gallons containing 7 per cent. of water, and to this 
mixture half a gallon of water is added. Find the percentage of the 
water in the mixture. 


147. The lifting capacity of a balloon is equal to the difference 
between the weight of the gas it contains and the weight of the same 
volume of air, less the weight of the balloon. Find the lifting capacity 
of a spherical balloon 26 ft. in diameter, filled with a gas which is 
0:4 times as heavy as air, the weight of the balloon being 1 ewt. 


3 
[The volume of a sphere is dee where d is the diameter ; a pound of 
air has a volume of 13°14 cubic ft.] (C.8.) 


148. How many shot, jin. diameter, will go to a pound if a cubic 
foot of lead weighs between 708 and 712 lbs.? (C.S.) 


149. A certain mixture should be made by dissolving 12 grams of 
bluestone and 8 grams of lime in litre of water. The mixture is 
actually made by dissolving 2o0z. of bluestone and 1} oz. of lime in 
I gallon of water. On this plan how many grams of bluestone and of 
lime are there to the litre of water ? (C.S.) . 


150. Buttons are made with lead discs 0°8 of an inch across, and 
0-09 of an inch thick. The volume of a disc, a inches across and 
binches thick, may be calculated from the formula : 

Volume =0°785 xaxaxb, 
and lead weighs 711 lbs. per cubic foot. How much lead (to the nearest 
pound) is wanted for a thousand buttons ? (C.S.) 
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151. A man takes a boat and rows up stream. When he has gone 
15 miles up stream he passes a bottle floating down with the stream. 
He goes on up the river for another 18 minutes and then turns., When 
he gets back to the starting-place he finds that the bottle has just 
arrived there. Assuming that his speed through the water and the 
speed of the stream are both uniform, find the speed of the stream 
in miles per hour. (C.8.) 


152. A wine-merchant buys in Bordeaux a cask of claret, and the 
freight to London is £1. It contains 208 litres of wine at 75 centimes 
the litre, and for the cask itself he has to pay 12franes. He has to 
pay duty 1s. 3d. per gallon, and bottles the wine at a cost of 2s.a dozen 
bottles. If he sells it at 18s.a dozen, what percentage of this price is 
profit ? 


(£1 =25 francs ; 6 bottles=1 gallon.) (C.8.) 
153. If a corporation borrows p pounds at the rate of r per cent., the 


loan and interest can be paid off by 2 equal annual instalments of 
a pounds where 


pe Ree het) wee ieee 

pRaRER UAT = 2 UET al =2e 9 and R=1+759: 
. What must be the annual payment if a loan of £5000 at 3% is repaid 
by 10 equal payments ? (C.S. ) 


154. Through a wooden pipe, whose cross-section is a square on a 
side of 6cm., water flows uniformly at the rate of 50 metres a minute. 
How long will it take to discharge 30,000 litres ? 


155. <A banker invests half the money deposited by his clients in 
4 percent. preference stock at 150, and lends a quarter of it on mort- 
gages at 5 per cent., keeping the remainder in cash at the bank. After 
paying 2percent. interest on deposits, he has an average annual 
balance of £1000 in his favour. Find the average amount of the 
deposits to the nearest pound. 


156. One train leaves Bristol at 3p.m. and reaches London at 
6 p.m. ; a second train leaves London at 1.30 p.m. and arrives at Bristol 
at 6p.m,; if both trains are supposed to travel uniformly, at what 
time will they meet? Shew from a graph that the time does not 
depend upon the distance between London and Bristol. 


157. A mixture is made of two ‘liquids, one of which weighs 
0°68 gram per c.cm. and the other 1°04 gram per c.cm., and the mixture 
weighs 0°82 gram per c.cm. Find the percentage (by volume) of each 
liquid in the mixture. (C.8.) 


158. A plan is to be enlarged so that a plot of ground which 
occupied 1*5sq.in. in the original shall occupy at least 1 sq. foot in the 
enlarged plan. If the original measured 6in. by 4in., what must the 
least dimensions of the enlarged plan be ? (0.8. ) 
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159. A manufacturer estimates that he can make a certain patented 
article for £17 per gross. Find, to the nearest penny, the retail price 
for each article which must be fixed so that, after paying the patentee 
a royalty of 10percent. on the retail price, and giving the retail 
tradesman a discount of 40 percent. on the retail price, the manufac- 
turer may make a profit of 25 per cent. on the cost of making it. 


If the retail price were fixed at 6 shillings, what would be the actual 
amount of profit made by the manufacturer on each article ? (C.8.) 


160. Where a railway goes round a curve the outer rail is raised to 
keep the train on the line. When the curve has a radius of R feet, the 
distance between the two rails is W feet, and the customary ioe of 

x : 
1o5xR inches 
higher than the inner rail. Calculate how much higher the outer rail 
should be on a curve of radius 580 feet, if the rails are 4 ft. 8h in. apart, 
and the customary speed is 40 miles an hour. (C.8.) 


the trains is Vmiles an hour, the outer rail should be 


161. Ina certain examination the highest and lowest marks gained 
in a Latin paper were 153 and 51. These have to be reduced so that 
the maximum (120) is given to the first candidate, and the minimum 
(30) to the lowest. This is done by reducing all the marks in a certain 
ratio, and then increasing or diminishing them all by the same number. 
In a Greek paper the highest and lowest marks were 161 and 56; after 
a similar adjustment these become 100 and 40 respectively. Draw 
graphs from which all the reduced marks may be read off, and find 
the marks which should be finally given to a candidate who scored 102 
in Latin and 126 in Greek. 


Shew also that it is possible in one case for a candidate to receive 
equal marks in the two subjects both before and after reduction. 
What are the original and reduced marks in this case ? 


162. From a cylinder of wood with a diameter of 11 inches a. rect- 
angular beam is cut. If the breadth of the beam is 8 inches, find the 


depth from the formula d= /D?- 6? where b is the breadth and d the 
depth of the beam and D the diameter of the cylinder. 


If the strength of a beam varies as bd?, compare the strengths of 
beams 3, 4, 5, 6, 7, Sins. broad cut from a cylinder 11 inches in 
diameter, and so find, roughly, the breadth of the strongest beam 
which can be cut from the cylinder. (C.8.) 


163. A man riding a bicycle, at the rate of 15 miles per hour, 
towards a fort where minute guns are being fired, finds that he hears 
the 52nd report just 50 minutes after the first. Find the velocity of 
sound. 


164. Water has to be diverted from a river through a six-inch 
diameter pipe running full bore at a velocity of one foot per second 
to irrigate a field of 20acres. How long will it take to deliver an inch 
of water over the whole area? [Area of circle=z (radius)? ] (C.8.) 
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165. On a single line railway, 55 miles long, there are stations at 
every 5 miles, where it is possible for two trains to pass one another. 
A fast train starts at noon from one terminus, running at the rate of 
00 miles an hour, and stops 2 minutes at the fifth station out. A slow 
train starts 5 minutes later from the other terminus, running at the 
rate of 20 miles an hour, and stops 2 minutes at every station. At 
what station must the slow train lie by for the fast train to pass it? 
The slow train must be out of the way at least a minute before the 
fast train is due. (C.8.) 


166, <A hollow ball, of external diameter 6 centimetres and of thick- 
ness half a centimetre, weighs 162 grams when it is filled with liquid. 
Find to the nearest hundredth of a gram the weight of a cubic centi- 
metre of the liquid, a cubic centimetre of the substance of the ball 
weighing 2 grams. [Ifa sphere is inscribed in a cube, then volume of 
sphere : volume of cube :: 11 : 21.] (C.8.) 


167. For a certain machine and for various loads the table shews 
what effort (P kilograms) was required to move the load (W kilograms) : 


Ww | 50 | 100 - 200 


300 © 400 | 500 "600 


| P | 106 | 122 | 152 | 184 | 216 | 246 | 278 


Plot these values, and assuming the relation between P and W to 
be of the form P=aW +4, find the values of a and 6. From the graph 
and also from the equation find to the nearest integer the value of P 
when W =350, and the value of W when P=158. (C.8.) 


168. The number of cubic centimetres in the volume of a cone on 
a circular base may be found from the formula 0°2618 x d x d « h, where 
d and h are the numbers of centimetres in the diameter of the base 
and in the height respectively. Find, to the nearest kilogram, the 
weight of a solid circular cone of ice the diameter of whose base is 
60 cm. and whose height is 70 cm., being given that the weight of 
a c.c, of ice is 0918 of the weight of the same volume of water. 


What would be the weight (to the nearest kilogram) of another cone 
of ice of the same shape but only half these dimensions ? (C.S.) 


169, The following rules are in common use : 


(a) To calculate the circumference of a circle, from three and one- 
seventh of the diameter subtract one eight-hundredth part. 


(6) To calculate the diameter of a circle, from one-third of the cir- 
ference subtract one-hundredth and also one two-hundredth 
part. 

Shew that these rules are approximately correct, and apply rule (a) 
to find the circumference of the circle whose diameter is 0°05847”, 
and rule (b) to find the diameter of the circle whose circumference is 
382°7”, ; 

Compare your results with those found by applying the usual formula 
(C=2rr). Give all results to four significant figures. (C.8.) 
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170. When a body floats in a liquid, the weight of the displaced 
liquid is equal to the weight of the body. 


A man whose weight is 10stone (or 140 lbs.) finds that he ean just 
float in fresh water when he is practically wholly immersed. Calculate 
his volume in cubic feet. [1 cu. ft. of water weighs 62:3 lbs. ] 


At a football match in Wales men were crowded together to the 
utmost extent upon a stand 360 ft. long and 40 ft. wide. Taking the 
average weight to be 10 stone, and supposing the space occupied by 
the men’s bodies to be 90 percent. of the space between the stand 
and 5ft.6in. above it, find the number of men on the stand. (C.8.) 


171. At the point where a stream passes a bridge it is 18 metres 
wide and has a uniform depth of 3°6 metres. If the stream flows 
uniformly at the rate of 1°75 kilometres per hour, how many litres of 
water pass through the bridge in one minute ? (C.S.) 


172. A man has in his workshops 96 ordinary gas burners, each 
burning 33 cubic feet of gas per hour for an average of 13 hours a 
week from October Ist to March 31st. ‘ 


He adopts a new patent burner said to save 33 percent. If the 
price of gas is 2s. 9d. per 1000 cubic feet, how much ought he to save 
in the 6months by using the patent ? (C.8.) 


173. A company has 3 kinds of capital, £17,904,062 guaranteed 
stock on which it pays dividend at the rate of 5 per cent. per year, 
£11,925,808 preference stock on which it pays 5 per cent. per year, 
and £35,538,259 ordinary stock, the dividend on which varies with 
the profits. For a certain half-year £1,492,156. 11s. 9d. is available 
for dividend. 


What dividend to the nearest quarter per cent. for the half-year 
can it declare on its ordinary stock, £35,538,259, so as to carry over 
at least £40,000 after paying the dividends on the three descriptions 
of stock? What amount will it carry over after paying these dividends 
to the nearest penny ? (C.S.) 


174. Six bicycle balls of the same size weigh together 14 grams. 
The steel of which they are made is 7°76times as heavy as water. A 
ball of dcm. diameter contains 0:5236 x d?c.cem. Find whether the 
diameter of the balls exceeds 8 millimetres. (C.S.) 


175. A statuette 10 in. high is to be made of silver; a plaster model 
4ft. in height has been made, and weighs 150 lbs. What will be the 
weight of the silver statuette, silver being 12°9 times as heavy as 
plaster ? (CL) 


176. A yard-measure is too long by 0:18 of an inch. If it is used 
to measure the sides of a rectangle, find by how much per cent. the 
true area exceeds the calculated area. 


177. The weights of two spheres are in the ratio of 8 to 17, and the 
weights of a cubic foot of the material in the two spheres are in 
the ratio of 289 to 64: compare their radii. 
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178.‘ In 1891 the population of three towns: was 45,682, 25,408, 
and 18,960 respectively. In 1901 the two former had increased by 
8 per cent. and 43 per cent. respectively, and the latter had decreased 
by 10 per cent. ; find the average increase per cent. in the population 
of the three towns. 


179. A man buys at £8. 16s. 8d. per ton a quantity of ore which 
contains 23 per cent. of copper ; 92 per cent. of the copper is extracted 
at a cost of 2s. 8d. per cwt. of ore; find the price per ton at which the 
‘copper must be sold to ensure a profit of 15 per cent. on the whole. 


180. The weight of the projectile of .a gun whose calibre (internal 
diameter) is d inches is kd? lbs., where & is:constant. 


‘Calculate the calibre of a gun whose projectile is twice as heavy as 
that of a gun whose calibre is 10 inches. (C.8.) 


181. If a circular disc measures a inches across and b inches in 
thickness its volume is 0°7854 x a? x b cubic inches. 


A penny measures 1°23 inches across and a halfpenny 1 inch; if the 
thicknesses were in the same ratio, what fraction (as a decimal to 
the nearest hundredth) would the weight of the halfpenny be of the 
weight of the penny ? (C.S8.) 


182. The diameter of some galvanised wire is 3 millimetres, and a 
cubic decimetre of the material of the wire weighs 6-7 kilograms. 
Find, to the nearest metre, the length of wire in a quantity which 
weighs 10 kilograms. The volume of a length of L metres, of diameter 
D metres, is 0°7854 x D? x L cubic metres. (G.8.) 


183. A dishonest tradesman marks his goods at an advance of 5 per 
vent. on the cost price, but uses a fraudulent balance, whose beam is 
horizontal when the weight in one scale is one-fifteenth more than the 
weight in the other. What is his actual gain per cent. ? (C.S.) 


184.” Three vessels, each capable of holding 32 gallons, contain 
mixtures of wine and water. In the first, which is half full, the 
quantities of wine and water are equal ; in the second, which is three- 
quarters full, there are 9 gallons of wine; and in the third, which is 
full, there are only 4 gallons of wine. If the second is now filled up 
from the third, and then the first filled from the second, what will the 
quantities of wine and water become in the first ? 


185. Find, to the nearest kilogram, the weight of a piece of lead 
piping which is 7 metres long, and has an inside diameter of 8°6 cm. 
and a thickness of 1:15cm. The weight W in kilograms of a piece of 
this piping, 1 metre in length, inside diameter Acm., thickness Becm., 
is found from the formula 


W =3°'523 x B x (A+ B). 
What would this piece of lead piping cost at 4d.a kilogram?  (C.S.) 
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Total, £112,807. 7s. 4d. 
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16. 360. 17. 7308. 18;¢ 744. 19. 6430. 20. 3903. 
21...) 9228. 22. 64380. 23. 4383. 24. 8765. 

25. £9. 2s>6d. 26. £13. 13s. 10d. a7.’ £19. 6s. 4d. 
28. £7. 5s. 29. £9. 10s. 84d. 30. £17. 5s. 14d. 
31. £6. 16s. 8id. 32. £9. lls. 64d. 33. £22. 16s. 92d. 
34. 1347. 35. 3481. 36. 3664. 37. 5788 38. 4493. 
39. 15367. 40. £7. 8s. 6d. 41. £10. Os. 3d. 
42. £19. 1s. 4d. 43. £135. 18s. 44, £431. 2s. 6d. 
45. £2030. 7s. 6d. 46. 380. 47. 777. 

48. 2776. 49. £4000. 50. 937 fr. 50 c. 
II. b. Page 20. 5 Ee Sestak 6 rae Py 25> £39. Ts. Td: 

3. fr. 105,20. 4, £42. ls. Qad. 5. £100. 

6. fr. 1029,42. 7. £143: Ils-Ga- 8. £1000. ls. 

9:: -tr..fo0; 00: 10. °° £51, 8s. 11. fr. 310,00. 42) $262,50. 

13. (i) £46101. 13s. 7d.; (ii) £36705. 13s. 9d.; (iii) £30000. 


2. £85. 18s. 104d. 
5. fr. 660,75. 

8. £6. ls. Tad. 
£785. 3s. 2d. 
£28. 15s. 5d. 
£11. 6s. 11d. 
£3. 10a: 


ANSWERS. ill 


II. d. Page 24. 


1. (i) £46. 3s. 9d.; (ii) £107. 15s. 5d.; (iii) £169. 7s. 1d. 

2. (i) £105. 17s. 6d.; (ii) £185. 5s. 7Hd.; (iii) £238. 4s. 45d. 

3. (i) 1040 fr. 75.c.;. (ii) 1873 fr. 35 ¢.; (iii) 2497 fr. 80 ¢. 

4. (i) $2502,48; (ii) $3336,64; (iii) $4170,80. | 

5. £461. 6. £520. 7s. 6d. 7. £1133. 6s. 7d. 
8. £2970. 15s. 9. fr. 64948,40. 10. $48680,64. 


11. (i) £231. 5s. 10d., £2312. 18s. 4d., £23129. 3s. 4d. 
(ii) 232 fr. 7 c.,. 2327 fr., 23270 fr. 
12. (i) £330. 1s. 8d.; (ii) £371. 6s. 103d. ; (iii) £701. 88. 6yd. 


13. £1095. lls. lld: 14. £1827. 4s. ld. 16.) f3o02s1282 Sade 
16. £8187. 14s. 6d. 17.0 6116302 882.9d. 18. £10584. 19s. 7d: 
19. sie TEE V7. 20.:. fm 2sd4ie21, 

II. e. Page 26. T.2 £b00 Ss Lids Dee la: eae 

3. £4. lls. 3d. 4, -£26. Os. 45d. 5. 18 fr. 326. 

6. 46 fr. 28 c¢. 7. Leos tate Shae 98. "40. 

9. £7. 6s. 4d. 10. £41. 5s. 25d. 11. fr. 40,25. 

12. $90,04. 13. (i) fr.73;08; (ii) fr.'730,80. 

Tea aes 2S. (0... (il) £2. 63.30. 2 rem ad: 

tas, 2s Tem. (8. lid. 16. Gir. 8 c.: rem. 23.¢. 

Bice Se se 18. -£1GN3s0d: 19. £41. 5s. 3d. 

20. £6. 5s. 9d.; rem. 17s. 3d. 21. fr.18,48; rem. fr. 2,54: 
22. $20,32; rem. 76 ¢. 23. £82. 10s. 5d. 

24. 17. a5. 11. 26. 35. 27, 23. 98. 45. 

29. . 14. BOs) 12s oi. hie 622 7°23 srem. 10d: 

Sa, las rem, &Y. 148. 10d. 34. 72; rem. 16s. 35. 10000. 
II. f. Page 27. 16. 15s. lid. 17) £1. 5s. 1d: 

18. 24d. 19. £19. 7s. 6d. 20. £2. 8s. 

21. £0 neds Ad. 28. Eek lene 93) S89... o8. Zee 

24. 17s. bad. 25. 10s. 2d. 26. 205. 

27. 6d, 28. 4493. 29. 87; 7d. over. 
30. 218; 1s. over. Sie 7 32. 148; 4d. 

33. 939. 34. £23. 5s. 8d.; £35. 103..1ld.; £56. 6s. 7d. 
35. 500; 1s. 8d. 36. 341. 37.6536. 2a. Vid: 
38. £166. 15s. 39. £5. 13s. 6d. 40, <A, £40; B, £27. 


41. A, £120; B, £80; C, £65. 

42. A, £10. 10s.; B, £8. 9s.; C, £7. 3s. 6d. 

43. £38.19s.2d. . 44. £1000. 45. 2d.; £8. 6s. Sd. 
46. 96. 47. 18s. 6d. 48. 2?d.; 9s. 2d. 
49. 12800. 50. £430. 12s. 44d. 


iV ARITHMETIC. 
II. g. Page 33. 110k 2. 283. 8. 719, 
4. 700. 5. 80. 6. 785. 7 0005, * °° 8. GOR 
9. 690. puro, 530. 11. 503. 12. 53. 13. 14960. 
14. 19610. 15. 991. 16. 7000. 17. 800. 18; - ae 
19. 7830. 20. 7803. 21. 7083. 22. 7830. 23. 14014. 
24. 141,004. 25. (i) 4 yds. 2 ft. 3in.; (ii) 13 yds. 2 ft. 1 in. @ 
26. 7m.2dm. 3 cm. 27. 8m.1dm. 3 cm. ' 28. 9m. 5 cm. 
29. 7m. 2 cm. 30. 7 dm. 2 mm. 
31. 5Km. 1 Hm. 7 Dm. 3 m. 32. 5 Km. 2 m. 
33. 5 Km. 2 Hm. 34. 5 Km. 2 Dm. 
35. 15840; 27720. 36. 805. 792; 8 in. 
37. 35 yds. 0 ft. 7 in. 38. 33m. 7 dm. | cm. 
39. 33 dm. 7 cm. 1 mm. 40. 24 mi. 760 yds. 
41 25 Km. 520 m. 42. 3 mi. 2 fur. 209 yds. 
43. (i) 1l yds. 2 ft. 3 in.; (ii) 11 m. 9dm. 1 cm. 
44. 2 mi. 780 yds.; 2 Km. 20 m. 
45. (i) 49 yds. 2 ft. 3in.; (ii) 46m. 5dm. 3 em. 
(i) 3 yds. 8in.; rem. 3in. (ii) 3m. 1 dm. 9 cm.; rem. 8 cm. 
47. 12 mi. 48. 6 Km. 49. 528. 
50. 10; 5 ft. over. 51. 4964. 52. 20 chains; 440 yds. 
53. 497. [True run=497 mi. 800 yds. ] 
54. 2mi. 300 yds.; 13 m. 55. 445 yds. 
II. h. Page 36. 1. 1025. 2. 9520. 8. 4872. 4. 5000. 
5. 900. 6. 3900. 7. 641. 8. 641. 9. 3250, 
10. 25 lbs. 11. 2 tons 13 cwt. 64 Ibs. 12. 44 gals. 1 qt. 1 pint. — 
13. 4 Hg. 7g. 14° 4 Kon age 15. 4Kg. 7 Hg. | 
16. 4 Kg. 7 De. 17... 3 HS 26,20 HI 3 2 
19. (i) 2240; (ii) 2200. | 20. 41 cwt. 3 qr. 23 lb. 
21. 24 Kg. 5 Dg. 22. 241. 5cl. 
23. 8 cwt. 65 lbs.; 1 Dg. 3 g. 24. 39 tons 3 ewt. 2 qr. 
25a Orbe onc Leet. 26. 9cg. 
27. 101bs.; 171 lbs. =12 st. 3 lbs. 28. 68 yds.; 12 lbs. 12 oz. 
29. 2 tons 16 cwt. 1 qr. 30. 31; 18 lbs. over. 
31. 135. 32. 3.20 p.m. 33. 88 tons. 
II. k. Page 41. 6. 2700. 7. 8100. 8. 96. 
9. 480. 10. 48. 11. 400. 12... 1152. . 18... 147@ 
14. 9072. 15. 2200. 16.. 3600. 17. 5000. 18. 1400. 
19. 140,000. 20.. 141,400. 21. 51617. 22. 50607. 
23. 122 sq. yds. 2 sq. ft. 24. 8 sq. ft. 96 sq. in. 


III. 


ANSWERS. Vv 


560 sq. yds. 2.sq. ft. 36 sq. in. 26. 56 sq. dm. 48 sq. cm. 

56 sq. m. 48 sq. dm. 28. 56 sq. m. 4 sq. dm. 8 sq. em. 
84 sq. yds. 5 sq. in. 30. 27 sq. m. 

(i) 100; (ii) 10000; (iii) 1,000,000. , 

(i) 969 sq. yds. 3 sq. ft.; (ii) 960 sq. m. 84 sq. dm. 


(1) 125 (ii) 12. 84, 250 sq. yds. » 35. 83.sq. yds. 3 sq. ft. 
2 sq. ft. 108 sq. in. | 37. 3sq. m. 96 sq. dm. 
140 sq. m. 39. 3 sq. in. 40. 20 ft. 
(i).1; (ii) 3; (iii) 43; (iv) 6. 45. (i) 26620; (ii) 37400. 
300 ac. 47. 1 ag. 48. 29 Ha. 
(i) 356 ac. lr.; (ii) 314 Ha. 50. 1 230; 
Page 47. 
(1) 600 cu. in.; (ii) 24 eu. ft.; (iii) 3600 cn. ft.; (iv) 125 cu. ft. 
(i) 46656 ; (ii) 17900. 5. 6cu. m. 6. 900 tons. 
(i) 1000; (ii) 1000 Kg, Soe S279: 
360. Fin 213.12 owe. Soe), 

. a Page 50. 4. 120. Bo 12h. G28); 
200. 8. 40. 9.) “102: 10. 20. rk NaN 
10 18) 42 14. 24. 16e od £6.'. 24 
60 137, 10 19. 300. 20. 45 21. 440 
48 a Og 32. 700. 33. 480 34, 4 
Z. 9Gu alo: 37. 4. 48. 0. 49. 0. 
60. 13 A O2nm Zo, 53. 0. 54. 59, 
L 56. 179. BTA O71. 58. 120. 59, 5 
b. Page 54. 1. —£12; +£3. 2. £a-£b-£c+£d. 
3 miles S. 4. +4, -2, By tty, 

- 6°. % ‘+24, —4., 8. -—4 miles. 
A, fa-£u+£y; B, £b-£y+£x. 

2, ' Page’ be: 23,29, 24, 14. 4, 16. Lovet oo, 
Vi ere ae 18. 4. Bie eh 35) 20, 43. 
10. 22. 19. 23. 6a. 24, 150. 

Dv 26. 6m 27... Gy; 28. 4x 

e. Page 61 of a 14, 3. 155-6 
y pa ave A 2 ES 19. 5. 20. 4 
vA 22. 4. ts Ehelati 24, 7. 25. 4 


al ARITHMETIC. 


Ill. f.. Page 63. 1.) 46772) me OTs 18. Sc ae 4. 36, 24. 


BA. £85: B, £20; Cree 6. A; £14; B; S28 Claes 
TA eos Bi £25 eae 8. A, £35; B) £725). ek 

9. 40 shillings; 27 sixpences. 10. A, £9. 53.3; KR £2. 158: 
A, ed. 108.3 Bb, LISI t250 21 74..9 13s; 

IV. a. Page 70. Be ae ee “Wy Sac eos? a Pe 
gra 550, Be olds BNs, yd ek | 
8. None. 9. 8d nO alee 1. 11. Ge 
1@, 34, 11. 18. 2; 5, OOO ee 4... 2, 2, 6.77 eee 
16. (i) 4; (ii) 7 17, 32.5. Ea ae 19. 2?.3.11. 
Bratt. DF. 1. yA gga ta 22D, 3: 23. 34.5: 

2 ee Ae Say Ras AL 25. OP. 96.. 2.3" Jae 

DGS 43) oP a aT 28) WAS ga Lev. B95 DA er 

RS UE cel bs ara 31 Dee tals. 22. «3°. SL ae 
S32 87.11.97; 34: AQIB alse 35. Prime. 

36. 3.101. 37. Prime. 38. 4a 

39. Prime. 40. 2°.89. 41. Prime. 

42. Prime. 43. 23.29. 44. 11.971. 


45. (i) 7.10?+5.10?+4.10+3; (ai) 8.10°+2.10+49. 

46. 1009+10q+¥r. 

47. 100a+10b+c. (i) ¢ must be even; (ii) c must be 5 or 0. 
48. 1000a+1000+ 10c+d. 


IV. b. Page 72. 18. 18. 19. 24. 20. No. 21. No. 
23. 48. 93. No: 24. 44. abs 56. 26. No. a7. 84. 
Dee, 29: .D. 30: 11. Bie> 7. BoC ima: 34. 22. 


35. 28. 36:,° 36. 37... 46. 38. 7056. $9. 1320. 
40. (i) 18; (ii) 12; (iii) 7; (iv) 25. 


IV.c. Page 74. 15,,.-S6. 16. 46. ry ies ('P 
18. 45. 19. ee 20:> 16: 21. 48. oy Bigetas % & 
23.15. 94.7 12. iy ee WB 26. 36. ry Past § 
ORF OD: 29. 50. 30. 18. 31. 135. 32s 
33, OLY, 34. dade. 35. 5p7q. 36. Sa. 37. xy. 
IV. d. Page 76. a 5A13. BON. 8. 43. 

4, 28. Sie Ly: 6. 47. Yok 8.) Ke 

9. 4. 102 G4 Vive 12: 7: 13. S21. 

14. 263. 15. 589. 1655 334, P72 LAUT. 18. T7= 

19, 1545. 20. 6732. 7+ eae FY IS 22. 94. pe Bae is 

Are Pee 25. Bhs 26; She 27. 185. 29. A crown. 


30. 7 in. 31. 385,529... "32P? 31. 33. 479, 83. 


ANSWERS. Vil 


[V.e. Page 78, S00 OF 503 3 LCM 32 
26. H.C.F.=2.7; L.O.M.=2*.7°. 27. H.C.F.=3; L.0.M.=24. 3%. 
98. H.C.F.=ab; L.C.M. =a%b?. 29H. Ck se20 ee Gen = 1 2abc. 


30. H.CF. =p L.O.M. =92y%. 31. 120, 32. 60. 
ee | oe ' 84. 240. 35. 756. 36. 240. 87.. 1452. 
38. 1764. 39. 7200. 40. 720. 41. 1260. 42. 6720. 


43. 32130. 44. 8640. 45. 9360. 
a6..° HOF. =15 3. i CN S225. 47, H:0.F.=14; L.C.M.=558. 
ae EL C.. = 11 3" GMs = 11550. 


IV. f. Page 80. 1. 9061. Boe TOG TSH 8. 40513. 
4, 38399. 5. 48345. 6. 5,189,184. toot] 20, Os. 
Be ee. 128.60 a rere 10. 39312. de 729: 

12. 46046. 13. S8gallons. 14. £20. 12s. 6d. 15. 5040 mi. 

16. 4 min. 48 sec. 17. 46 min. 12 sec. 18. 13809. 

af 3 4 

V.d.. Page 87. ie ee 1D Blo 18. 7. 

14. 75- 15. 7%: 16. 75: 17. +9 18.. a5 

a 19 1) a Oy 2a ze 

a 20. 33: 25. - (1) 53 (11) ae (111) 3 3 (iv) re 
26. +74: a7. 53. 28. $4. 29. $3 30, “+3. 
31. +4. 32. tos 33. 3 34. 35. 2. 

14 

V.e. Page 89. 2. 313 3. 279 4. 875 
5. 477 6. By 5 7. i So 2 835 
10. ‘755 11, -144. 12. 67% 13. 1632. sheet oe 
17. 7s 18. . Ae 19. Aff. 20 332. 21. 49 
za. 98°. as, SE. a, 2832. oy L8G 

6 5 

MrT, Page 91. he $5 * $. 8. om 4 aa eae 
9% do + ty 10. 2nd, by aa 14... “Ist by: ss 
12. 2nd, by 7 7y- 13. 2nd, by a0: . 

i 29 

V.g. Page 92. O1. | ae. 29. $4 23. 3% 
4, 3°. 25, +. 26. -s!5- a7, +3 28. az: 

§ 5 32. 0 oye 

29. 1. 30. 3. 31, +. 2. ot aa" 

al Bis. ee 39, alia all 
12 18 ah 6a mn 


Vili ARITHMETIC. 

eee a2, 31 43. lot. 44, 2. 45. 4. 

46.° 12. Me wh a 49. 37. 50. 75 
V.h. Page 94. 1. 4¢. 623 1273, 4. llgd. 
B00. 6. 3y¢¢. 12, lot 4h. 
10. 14¢. rh bg 12. x. 13. 1675. 14 13. 
15, - 112. 16. 105. 17. 2, 18/9, 19. 4. 

20. 3. 21. 0. 22. 1. 23. 3ioo0- 24 Soon 
V.k. Page 95.°26. 655. 27. 5g%. 98. 4412 S a9 Ba 
BRS Tay.) 81, we $2, l4fs5. 33. 3% 35. & 

36. 149 37. oz. 38. 144 39. First, by ae, 

40. 3s. ay. +. 42. Tsi3 or. 43. (i) 4%; (ii) 7&. 
VL Page 97. La 2. am. 3. 1843 
” » Bz. ae 6. 914 7. 35. 8. z. 

9.) 1q°s. 10. oy. “ner ca 12. 83. 13. 74s. 
TiC a 15. 6. 16, 8k 70a 

18. v 19. 19". 20. 10s. 21. £3-53, 3d. 
22. oc; £50, £72, £48, £70. 23. A pays B5ds., B pays A 4d. 
24. 9ft.6in. 25. £14400, 26. 58333. 

V.m. Page 101. 16; 505. 17. (743, eee 
191-272. 20. 14. a1 1d a9, i. 23. 75: 
2a” (i) 12, 4, 125; (Gi) JES, Fae ual) 15, 5: 15375. 25. 7s. 6d. 
26. 77 yds. 27. 2 ton. 28. £6. 13s. 6d. 

29. 570 metres. 30. 3s. 4d. 31. 14% yds.=14 ee 6 in. 
32. 10; 137; 623. 33. 22; 77; 1602. 34 452: 73% 3 175 

35. 5; 250; 3 of an acre.’ 

V.n. Page 103. 9. 1982. 10. 883 11. 6625. 

12, 336. 1s. (i) @; Gi) mes (ii) = 14. £4351. 138. 4d. 
15. £2118. 15s. 16. 280. 17. £15000.  18.. 5: 

19. £3652, £2739, £1826; £1826. 20. £7. 10s. 


ANSWERS, 1X 
V. p. Page 107. | 17. 104. TS 6.79, 
19. 1. 20 262. a1. i 55, Ob: i 7 
ay, a4. 1. 25. 2. 26. £22. Os, 
27. 1153§ miles. 28. 10 tons, 99, 1h BO 
4b 3n 
31. (i) 105; (ii) 17; (iii) 635. 32, (i) 272; (ii) 414; (iii) 154. 
33. £3. 14s. 3d. 34. 133.90. 35. £77. 36. lls. 6d. 
37. A, 25; M, 60. 38. £8333. 6s. 8d. 
39. 22 ft. and 183 ft.; 20345 ft. and 1622 ft. 
40. 33. 4, it 42. 14s, 
‘V.q. Page 110, 13.. We. 14, 11. 1D. eee 
ee 1s. 4h 19.125. 20..932, a1 ap, Dae Mas 
ym 
23. ae PONE PRP Maen 3 oy ay 28. 2. 
29. ae 
[For (i), (ii), (iii) use 1 Km. = 3 mi. For (iy), (v), (vi) use 1m. = 392 in.] 
(i) 15 Km.; (ii) 1600 m.: (iii) 160 Km.; (iv) 32 m; 
(v) 234 cm.; (vi) 44£ m. 
30. (i) 7 Kg.; (ii) 5032 Kg.; (iii) 7 litre; (iv) 44 litres ; 
(v) 121 Ibs.; (vi) 2183 gals, ; (vii) 152 ors, 
mere rage 113. 2. 44. gy ore. 8. 262. 4, 455. 
5. 97's. 6. 322. 7. 422, 8. git 144. 
jo. 4. 11, “228: 12;/ 32. 13)" Tz. 14. 2,5. 
15. * 57/5. 16) 42. 17. 723. 18 10 19. Zoe. 
20. 3\5- 75 ie Bo Boa 3. EAA Re 24; 1A. 
25, 4E. g6.. 15%. BT Be. 28. 12. 29. 222 
30. >. 31. 524. 32, 441. 33. 1733 es 
ce, 1-4, 36. 1. 37. 435°. 38. 232 39; Be: 
V.s. Page 115, : 12.4. 1 Rae i 14,0 4, 
i165, 1. 11 MES Sean 1 hig) 7 aN 19.) q'¢ 90).\-15s. 
a. 1g 22 3. 93, ob, 24. 4. 25. 42t)  96). he 
eee te, Pg, 12a. 17. Jaa ee, 


x ARITHMETIC. 
V.t. Page 116. 4. (i) 133 (ii) 135 (iii) Z3 (iv) F- 

5. (i) 3 (ii) tes (iii) 753 (iv) $- 

6.. (i) 35 Gl) a3 {iti) $5 (ivy $ 

7 (i) 6; (ii) 13. (iii) 13; (iv) 14. 

8. (i) 7; (ii) 1g5 (iti) 12; (iv) Z- 

9. (i) 253 (ii) 7x3 (iii) 2; (iv) §- 
10. (i) £3 (ii) 2r3 (iii) $; (iv) 14. 

$120: 13/7712, 13°08: 14. 20. 1s: 8 16. 3. 
17,6: 18. 5. ct aie A 20. +. 21. 15. 22 16, 
98. 15. 24°25. 25. St 26. 35, 15. a7. 11, ah 
28. A, 12s.; B, 8s. 29. 6. 30. (i) 8; (ii) 7s; (iii) 119. 
VI. a. Page 120. 

1. 6s. 8d.; 3s. 4d.; 2s. 6d.; 1s. 8d.; 1s. 3d.; Ts. 6d.; 12s. 6d.; 17s. 6d. 
2. 73d.; 3s. 9d.; 1s. Sd.; 13s. 4d.; 16s. 8d. 

3. 41in.; 10in.; 2cwt.; 12 cwt. 4. 1 pt.; 2pts.; 1 pt. 

5. ls. 3d. 6. 10s. 7. £1. 9s. 2d. 8. 10s. 6d. 
9. £3. 20, 261. 15s..7d. * ae 

12. 18 tons 13 ewt. 2 qrs. 24 Ibs. 13. £1. 9s..2d. 

14. 9 yds. 1 ft. 8 in. 15. £1. 7s. 6d. 

16. 1 ton 19 cwt. 3 qrs. 17. £65. 9s. 1d. 

18. £8. 16s. 32d. 19. 7 tons 9 ewt. 17 Ibs. 8 oz. 
20. £6. Os. 32d. 81. .£36. 28, Osd.. <2 Tae. lr. 11s p. 
23. £137. 1s. 5d. 24. 1 cwt. 2 qr. 73 Ibs. 

25. 3s. 3d. 26. £1. 27. 6 in. 

28. 230 yds. 29. £1. 5s. 5d 30. 962 yds. 

oh Bs re bas 32. £4. 10s 33. 10s. 

VI. b. Page'd22. 6 3). 7. $9 8 Gay 9. a0: 
10. +. 1, +: 12. +e5- 13. 3s. 14. +e9- 
15. Sage MOS: Laie 18, > 19, 3°5. 
20. zo: 21. zo 22, 3. 23. 17%. a4, 2, 

25. 33 26. 33 a7. =. 28. >. 29, 3a 
30. 23. 31. 3d. 33. 2. 34. 40:27. 35. 7o¢. 
VI. c. Page 125. 5. (i) 25%; (ii) 16% %. 6. £40. 

7, 120m Bueeor. 10s. <9. 25° Were oe at. 6 
12. 4580. 18. £3550. 14. £1080. 15. £1500. 16. 14070 
17. £4500. 18. £7696. 19. 200. 205. 12:9. 


ANSWERS. 


xl 

Vice. Page 128. 1 ROO; 22° £120; Bi) G42. 

4, £40. 5. . £30. 6. £24. 

7. £9765. 8. £5054. 13s. 4d. 9. £3078. 2s. 6d. 

10. £1982. 10s. 11. £840. 43. £1173. 

13. £802. 13s. 4d. 14. £88. 15. £255. 

16. £108. 17. £526. 10s. 18. £780. 18s. 9d. 

19. £2001. 20. £1522. 18s.4d. 21. £847. 17s. 6d. 

22. £2455. 3s. 9d. 23: £500. Os. 6d. 24. £1360. 16s. 8d. 
25. £401. lls. 8d. 26. £2483. 8s. lod. 27. £2748. 16s. 3d. 

28. £1048. 16s. 29. £33161. 14s. 30. £1824. 7s. 6d. 
Miscellaneous Examples II. Page 129. Vee tes 

rag = | oe 4. (i) 2; (ii) qs; (iii) 2. 5. 1m. 65cm 

6. 18 lbs. 7. The first by 35. 8. 4q'5, Bas: 

9. 2 mile. 10. 40. 11, 902,100. % 13) (i) 443: Gi) 
14. Q9weeks. 15. 513. 16. £312. 10s. 17. £25044. 3s. 9d. 
ig, 40,3910; 2a a2 19. 423 miles. 20. 25, 24. 

a igeoem.; 22. 2275. 23... 4 25. a5 

26. First, third; 28, 41580. 27. 56732, 11346. 28. 6fr. 

29. 30 mi. an hour. 30. 1032 ; 1853 8144. 

31. $4. 32. 2520, 2688, 2856. 34. 1sq. yd 

35. 27. 3?.7.31=62. 63. 64. 36. £2. 18s 

87. (i) 1075 (ii) lego. 88. (i) 1Qreq3 (ii) a7; (iii) §- 
39. 11200 Kg.; 9 cwt. 3qr. 8 lbs. 40. 20 ft 41. £2. 
42. 216. 43, 14 44, (i) 133; Gi) 4 45. £425. 
46. l¢ pints. 47.° sao 48. (1) 4555 (i) 376. ° 49. ie 
50, £40.28. 51. 36 52. 14d. 53. 25. 

54. (i) 34; (ii) £; (iii) $3. 955. BS hrs 56. (i) 2; (ii) 83 
57. (i) 6 yds. 9in.; (ii) £82. 12s. 5d. 58. £25. 

59. 160. 60. 2s. 6d. 61. so té- 62. 875; 225. 
63. 1s., 3s., 4s. 64. (i) 23.0) 2. 65. 38., 4s. 

66. (i) 253 m.; (ii) 55 cwt.; (iii) 417 litres; (iv) 2240 Kg.; 

(v) 1s. 10d.; (vi) 2d. 67. (i) za3 (ii) $2. 

68. (i) 98; (ii) 4. 69. 5; 4. 70. 5 miles. 71. 17920. 

72. £6. 10s. 8d. 73; +. 74. led. ‘| ee 

76. 503 gm. 77. £180. 3s. 3d. 78. 4 hrs. 


Xi ARITHMETIC. 
VII. a. Page 137. 14;*" 46: 12 2) 13. ° 150: 14. 8. 
1B... V68. 4d. 16. . 56, 37, 22h, 4 18. £3. 6s. 8d. 
19. £7.17s.6d. 20. 6tons. 21. £71.138.4d. 22. 9 hrs. 20 min. 
23. (i) ly hrs.; (ii) 2” hrs. 24. (i) 36 miles; (ii) ie miles, 

y 
25. 8+ miles, 5 iniles. 26. (i) 36; (ii) “ 
27. (i) 132; (ii) ae 28, (i) 12 min. ; (ii) = min 
29. 36 days. 30. 7x hrs. 31. 3 tons 17 cwt. 
32. £80. 8s, 33. £163. 7s. 34. £23. 8s. Od. 
35. 285 min. 36. £60. 48. 6d. 37. 2yrs. 9 months. 
38. £55. 14s. 8d. 39. 47ac.1r.35p. 40. 75 days. 
VII. b. Page 140. 1. £248. 2. £93. 10s. 
3. 63 in. 4. 34 miles. 5. £110. £1917. 
7. £45.10s. 8. Thewhole. 9, 4. 10. £150. 
11. £50. 12. 1s. 8d. 13. lid., 22d. 14. 83d. 
15. 3s. 8d. 16. 2s. 8d. 17. 82d. 18. 2d. 
19. Approximately equal. 20. 812 Km. 21. £5. 128. 6d. 
22. £124. RH 24. 2s. 25. £63. 6s. 8d. 
26. 468ac. 27. 7. 28, 128miles, 29. £4326. . 30. £603. 5s. 
VIII. d. Page 150. 20. 234°5. 21. 36401. 
oo 102. 23. 108, 35. £4°1. 36. £5°3. 
37. £8°9. 38. £17°7. 50. 5:047. 51. 9-302. 
52. 0°416. 53. 0-00626. 58. 7 Dm. 2m. 3em.; 0:07203. 
59. 762. 60. 2,518,000. 61. -~—« 23900. 62. 2Km. 12m. 


63. (i) 10; (ii) 1000; (iii) 100,000. 64. 
65. (i) 3°816x 102; (ii) 4-068 x 108; (iii) 


VIII. e. Page 153. 
3. 4600. 4. 0°8701. 
7-2 4°16. 8. 35°'0026. 
11. 6°0606. 12. 0:0707. 


(i) 100; (ii) 1000; (iii) 16. 
8-67+10; (iv) 4:°25+10% 


1. 48210. 2: Glee 

5. 146,800. . 405-03. 

9.. 8:14, 10. 14°08. 
13. 100. . 14. 10000. 


: 
13. 
18. 


4. 
8. 


12. 


15. 
19. 
» 23. 
27. 
30. 
34. 
38. 
| 42, 


ANSWERS. 


xi 
“ame f. Page 155. 3421 2. 80. 
4°09. 4. 9000. Ba. 260. 6. 6970. Tu 46. 
16:2. Pepe t £Oee1; 11. 1000. dae 2150, 
4750. 14 fe 15. 25. 163.7245. Lion Oo 
720. 19, 184. 20. 0°92. 21. 60Kg. 
VIII. g. Page 157. io. O24. 2716, Srey 
16°88. Ga os: 6. 20°5. 75 A082; 
10. 9. 309-702. DOs 30; LUE S2eloae 
-7400 m. 132° 423 Kim, 14. 29 fr. 40.8.77601G: 
veins 8 16a0 1 4T. Lie E29. 18. O°81. 
2°97. 20. 5:193. 2h) 50°28. 22. 0°219. 
6°3. 24. 0°994. 25. O-Ol in. 26.2. 5°2 MM; 
500 m. 2805 Pian woot: 29:55 Ot 
9-06 ins yes.” She gat 32. | 33. -— 0°47. 
— 0°54. SD. Ue 36. -0-O1. 37.6 2925; 
— 10. 39. 0-001. 40. 1:09. 41. 1°307. 
(i) 2809; (ii) —2°16; (iii) — 17-48. 43, 25°81, 26. 
VIII. h. Page 159. 14. (i) 5°35; (ii) 53°53 (iii) 0-585. 


15. 
16. 
17. 
19, 
20. 
21. 
22. 
25. 


(i) 16578°8; (ii) 1°65788 ; (11) 165,788,000. 

(i) 300; (ii) 0°003; (iii) 0-0003. 

(i) 3654; (ii) 0°3654; (iii) 0-003654. 

6:9. 93. 50°4°. 24. 5468. 
- 1480 fr. 26,7123 m. 45 ém. 

ae k. Page 162. 1. 5:04. 

ot, 4 119, Dre Uaioe. 

(i) 173-08; (ii) 25°962; (iii) 6:0578. 

1:37. 104 GST 11. 0°02508. 
1204°8. 14. 3348: Lo, Ge. 

91°44 em.; 0°9144 m. 18.. 48 fr. 
2°5029. 21. 1002. 24. le Ysy, 
0°816. 25. 745°821. 26. 
28°8 sq. in. 28. 81°9 sq. m. 29. 
The first : se ‘In. 31. 4'275 sq. Km. 
(i) 0° 049 5 (ii) 4°9; (iii) 0-000049. 

(i) 2; (ii) 2°5 ae 762. 


(i) 3°28; (ii) 328; 
(i) 1°29; (ii) 12900; 
6% decimal place. 


(iii) 0-0328. 
(iii) 0-0129. 


18. 0:000006. 


2. 16°96. 

Co OOS. 

8. LU Bond. 
ri PhS al hh 
16. 843-5608. 
197-5210. 

23. 0°10353. 
40; 0:4, 4. 
1°16 sq. m. 

32. 317°4|bs. 


X1V ARITHMETIC. 
35. (i) 87°9in.; (ii) 1414 ft. ; (iii) 1885 ft. 36. 378 gm. 

37. 3780 gm. 38. 61°6 om. 39. 5750 Kg. 40. 480,000 Keg. 
41; FS 42. 9°d. 435 P21, 44. 0°13. 
VIII. 1. Page 165. 20. 6; 12s. 21. 1°87. 
22. 0°263. 23. 0°038. 24. 0°0063. 25. 0-076. 
26. 0°4275. Creo Ts. 25. * 0°53, ; 29. 0318. 
30:, 723: ES eo 32. 0. 33. Each=0°4125. 
34. 0°675. 35. 0°474. Sf tee 37;. 058, 
38... 2a: 39. 2°003. 40. 5. 41. 0°06. 
42. 0°78. 43. 0:0057. 44, 30°25. 45. 5°49. 
46. 7:°375. £9 O15; 48. 0°175. 49. 36°25. 
50. 21°550 Km. 51. 104 dols. 61 cents. 52. 90°lin.; 0°01 in. 
53.5 2:09 gn eeee i, 55. 39. 56. 0°7833. 57. 0°9556. 
58. 2°4286. 59. O-1111. 60. 0°5714. 61. 1°6364. 
62. 3°7. 63. 0°82. 64. 0:09. 65. 0-067. 
66. 0:909. 67. 0°4087. 68. 0°6389. 69. 0-0116. 
VIII. m. Page 168. 18 ie AR hg 

Se of oul]: 51 es 6. 56. 

Viaxt ates Uae be 9. 0°45. 102 ‘O28 

ch eal Bf 1S? AGT, 13. 0°14. 14.. 0°46. 

15. 250. 16. 0°0365. 17, 02 18. 0:0046875. 
19. 0°34; 34, 0:0034. 20. 1° T a Pa Aa. 

21. 0:°0365; 0°365, 3650. 22. (i) 0°0293 (ii) 71s. (iii) 39; (Fv) 4G. 
23. 214; rem. 90c. 24 6000. 25. 2°54, 26. 3°28 ft. 
27. 7°". 28. 17°25 m. 29. 10°8. 30. 128. 

SIo3.. O72. 32. 0:°0083. 33. 80°0056. 34. 0°2085. 
35. 0°0033. 36. 0:0078. 37.) 2240) 38. 0°0365. 
39. (i) 6:329; (ii) 0°516; (iii) 2-665. 

40. (i) 15°8 in.; (ii) 40°34 in. 41. 45; O° in. rem. 

42. (i) 00007; (ii) 0:0001; (iii) 0-0271; (iv) 0:0022. 

VIII. n. Page 173. 1. 33: 2. 30 3. oF: 

4, $F 5. SEG: 6. so: Toi Cay 8. a5: 

9. OG2e 10. 3°009. 11, ) 8:27. 12. 0°00041. 

13." O:013:; 14. 0:00052. 15. 0°000073.. 16. 0°175. 

17.) 1B Sam 1654°9°3195: 19. 1°88. 20. 0:°0015625. 
21. (1), (ili), (iv), (vi), (vill), (x) terminate; the rest do not. 

22. 0°104. 23. 2°077. 24. 3°114. 25. 0°579. 


26. 
28. 
31. 
33. 
34. 


35. 
36. 


37. 
38. 
39. 
40. 
41. 
42. 
46. 
50. 


4. 
8. 


7609. oT. 


0-7142; 0°714. 


0-0167%5 ; 0-016. 


(i) 0°3, 0°6; 


(i) O-i, 0:4; 0:7; 
0-778. 

(i) 0-09, 0°27, 0°73; 
0-273, 0°727. 

(i) 0°142857, 0°42857i, 


ANSWERS. 


(i) O45 (ii) 0°85 ; 
29. 0°76477; 0 


(iii) 0-353 ; 
“765. 


32. 0-023; 0-024, 


XV 


(iv) 9°3529. 
0°4785°5 ; 0°478. 


(ii) 0°3334, 0°666% ; (iii) 0°333, 0°667. 


(ii) O-111g, 0°444%, 0°7775; (iii) 0-111, 0-444, 


0°714285 ; 


(iii) 0°148, 0-429, 0°714. 


(i) O14; (ii) 0-144; (iii) 0-144. 

(i) 02954; (ii) 0°295;7) ; (iii) 0-295. 

(i) 4°153846 ; (ii) 4° L5By 3 5 (iii) 4°154. 

(i) 2-297 ; (ii) 2297 37 5 s (iil) 2°297. 

(i) 5-148; (ii) 514857; (iii) 5-148. 

2-1375. 43. 032625. 44., see 

qe 47. 35 48. 35 

(i) 0-12; (ii) 0°625; (iii) 0°014; (iv) 0-055. 
IX. a. Page 175. EOS: Daaat Vip 

0-375. 5. 0875. 6. 0°6875. 

0:3. 9. 0°25. 10. 0°75. 

0'225. 43. 0°625. 14. 0°375. 

0-0625. Tie Ba25. 18, 7*425. 

£4°575. Snes co 10. py aa 2) i A hs 

£88875. 25. £5°40625. 26. £11°694. 

£8 °767. 29. £2°5344. 30. 

£0°1677. 32. 5°6875 tons. 33. 

0:003125. 35. 0°430625. 36. 
IX. b. Page 177. 1.) -68: 

18s. 4, Ils. G, EVs. 

16s. 8. 19s. 9. 9d. 

Td. 12. 104d. cs, 

£5. 8s. 6d. 15..>£9. 17s. 6d. 16. 

£11. 11s. 3d: 18. 83. l$d. 19. 

£5. 148. 5d. 21.: £14. 16s. 6d. 22. 

12s. 84¢d. 24. £11. Os. 114d. 25. 

. £6. 68. 45d. - 27. £15. 1ls. 105d. — 28. 
£65. 148. 9d. 30. £8. 11s. 74d. 31. 
0-9333. 33. 0°3971. 34. 


(ii) 009077, 0°2723%,, 0°727773; (iii) 0-091, 


(ii) 0:142%, 0:4287, 0°7147; 


LS 85725, 
DSF LO 45 fe 
ype 4 i 
£5°3729. 
4°4'75 ac. 
0:°7925. 


g. 143. 
6. 13s. 
10. 15d. 
fa. 48.. 6d. 
£2. 1s. 9d. 
£40128. ‘1d. 
£9. 17s. 94d. 
bis. od. 
£5. 68. 3d. 
0:9422,. 
0-O911. 


XVl1 ARITHMETIC. 

35. 1 ton 17 cwt. 3 qrs. 36. 6 ac. lr. 36 p. 

37. 21] hr. 28 min. 48 sec. 38. 2m. 55 yds. 

39. -8 cwt. 2 qrs. 40. 6tonsllcwt.1lqr. 41. £81. 6s. O#d. 
42. 0°6071. 43. 0°325. 44. 0:0375. 

45. £4. 6s. 6d. 46. £3. 1s. 5¢d. 47, 14s. 23d. 
48. 2s. 49. £7. 15s. 62d. 50. 15s. ld. 

ry Mika 2 52. (i) 3; (ii) 5. 54.° 3. 

55. 4238 mm. 56. _ 7100 m. 57. 39 lbs. 

58. 385 yds. 59. 755 sq. po. 60. 304 yds. 
IX. c. Page 180. A i258, 2. £04. 

3. £0°85. 4. £0°6. 5. £0°575. 6. £07475. 
7. £0°825. 8. £0-075 9. £0-:005z%. 10. £0°010;%. 
11. £00153. 12. £0-0212 13. £0-°031z. 14 £0°0342. 
15. £0°0413. 16. £0-04742 17. (i) £2°354¢; (ii) £2°354. 
18. (i) £3°5665; (ii) £3°567. 19. (i) £7°7202; (ii) £7°721. 
20. (i) £4:429%-; (ii) £4-429. 21. (i) £5°9277'5; (ii) £5-927. 
22. (i) £18-04057; (ii) £18041. 23. £2°5625. 24. £5°1125. 
25. £0°70625. 26. £16-08125. 27. £0°19375. 

28. £22-21875. 29. £0°459375. 30. £11-221875. 
31. £0°865625. 32. £0°20417. 33. £3°70833. 

34, £0°45208. 35. £1:16406. 36. £0°37188. 

37. *£0°56042. 38.. £85177 39. £0°94271. 

40. £3°71146. 41. £0°82604. 42. £2°73333. 43. £0°64688. 
IX. d. Page 182. 1. 9s. 6d. 2. 16s. 6d. 
3. 68. 13d. 4. lls. Qtd. 5. 138. 27d. 6. 9s. 244. 
7. 1s. 9rd. 8. 3s. 10d. 9: 9s..117d. 10. £3. la Mew 
11. £11. 2s 23d. 12. £7. 10s. 24d. 13. £4. 6s. 

14. £4. Os. 74d. 15. £4. Os. Od. 16. £9. 8s. 7d. 
Ate a 18. £4. 16s. 6d. 19. £4. 12s. 8d. 

20. £7. 8s. 4d. 21. 18s. 5d. 22. £2. Is. 3d, 

23. 7s. 5d. 24," £2. De. 26. £0-°000042. 

28. £13. 2s. 424d. 29. £32. 8s. 3d. 30. £25. 5s. 7d. 
X.a. Page 187. 1. 79000; 79. 2. 481000; 481. 

3. 370000; 370. 4, 2°764; 2764. BO OLS s Te 

6. 3-401; 3401. 7. [Ale Gare 8. 7-472; 7472. 

9. 0-910; 910. 10. 0-002; 2. 11. 0-001; 1. 

12. 10:000; 10000. 13. 6-27. 14, 81°5. 

15. 705. 16. 0-682. 170-9919. 


37. 


38. 


ANSWERS. XVil 


0:00403. 19. 4°78. 20. 8:62. 

0:0182. 22. 37300. 23. 70100. 

462000. 30. 200. 26. 1120. 

249, 28. 16. 29. 760. 

£3°465 and £3°475, or £(3°474 005). 

41-625 tons and 41°635 tons, or (41°63 + 005) tons. 

3°595 miles and 3°605 miles, or (3°60+ ‘005) miles. 

0065 m. and 0-075 m., or (0°07 + 005). m. 

(1) £(40°76 + 005) ; (ii) £(0-4076 + -00005) ; 

(iii) £(4076 + ‘5) ; (iv) £(407600 + 50). 

(i) (9°347 + -0005) Km. ; (ii) (93°47 + :005) Hm. 

(i11) (93474 °5) metres; (iv) (934700450) cm. 

(i) (74:20+ 05) fr., (7420+5) fr., 

(7°420 + :005) fa (74200 + 50) fr. ; 

(11) (74°20 + 005) fr., (7420 + °5) fr., 

(7°420 + 0005) fr., (74200 +5) fr. 

Absolute errors (i) £0°018, (ii) £0°18, (iii) £0°00018. Relative and 
hie errors the same in each case, namely 0:00048 and 
0: 

Absolute errors (i) 0°48 mi., (ii) 0°0048 mi., (iii) 0:0000048 mi. 
Relative error in each case 0: 00053 ; percentage error 0:053. 

471, 0°00065, 0-065. 41. 110 ac., 000011, 0:011. 

£222000, 0:00029, 0:029. 43. 2°77 ft., 0°00046, 0-046. 

32°35 grs., 0°0021, 0°21. 

. b: Page 189. 1. 62°94, 2. 40'90. 
6°78. 4 0:009. ”. Ge) SAPs 6. 4:000. 
IOd: 8. 41°6. 9. 1000. 10. 0°948. 
23, 100,000. 12. 27,700,000. 13. £150,900,000.- 
0-0064, 0:000512, 0:00004096. (i) 0-087; (ii) 0-087. 

(025. 163) £1047. 17. 392°5 Km. 

£3°7292, £0°7917, £12°7273. £17:2482: £17, 4, 114d. 

£10. 20... v£10; 

c. Page 192. pea We noal Kote Ves eae 
49°54. OS. 5. 15:94. G5 3802, 
183 8. 8°50. ZOU, 200" .370. 
30. 12: 8. 13. 243. 14. 3°349. 
2000. S00 10173, 17. 3:°000. 18. 50°9. 
0°0493. 20, 30-0. 21, 184, (22, © 3'312. 
1°“751. 24, 4°360. 25. 1°846. 26. 4°41]. 


AR.H.S. b 


XVill 

1 lal 

30. 29,000,000. 
33. 296 in. 

36. 15°65 Kg. 
X.d. Page 196. 
S.. 0°33 1. 

6. 53°68. 

9. 3°406. 

12. 0:052. 

te 0318. 
18190626." 

a1. 0:0142. 

75 an 1 ad 

Bi S120. 

30. £4. 10s. 2d. 
33 


31. 


ARITHMETIC. 


478,000,000. 
408,000,000. 
13°49 m. 
£103, 100,000. 


8°18. 
0:0299. 
0°47. 
1°980. 
1°290. 
NP po: 
0:0982. 
902. 
44,000. 
92 sec. 
Demat. BoC: 


(i) 1152 miles; (ii) 0°868 knots. 


3,047,000. 
250,000,000. 
364 Km. 
£12,600,000. 


YP 
9-62. 
82°56. 
0-024. 
3-317. 
2-601. 
24-9. 
1132. 
41900. 
6082°7 ft. 
562, 150, 140. 


(i) 0025400 metres, 25°400 mm. ; (ii) 20°12 metres; (ii) 1°609 Km. 

36. $6°92, £1. 8s. 64d. 37. 277°3 cu. in. 38. L397) 4s. od. 
Bo. 1059. 40. £18. ls. 9d., £30. 1s. 10d., £2. lis. 
X.e. Page 199. 1. 0°87. 2° “Baace 

SrA) Ga. 4. 4-41. 5. BS, 

6. 6°73. (et ee 8. 0-51. 

9. 219. 10.2703: 11. 344. 
#2, 192. Un rape 1) 14. 13,170,000. 
15, £2: 1s. 9d. 16. $4:°8632. 1%. $772°40. 

18. 4°536 litres. 19. 2°828. 20. 2-000. 
21. 000005, 0:00000. 22. (i) 0°000013; (ii) 0°0007. 
23; 5695. 24. 585. 25. 10°76. 

26. 119°60 sq. yds. 27. 2°47 ac. 28. 16°387 cu. cm. 
29. 1°4667 ft. per sec. ; 1°4667. 30.. 7°233 ft. Ibs. 


X.f. Page 205. 


t;- (13°08£0°015) invs Sears 2. Within +20 miles. 

3, 21-83 m.’; @:015m. 4. 19-014, 19-008. 

5. 10°01 correct to 2°4dec. place. 6. 2°56” and 2°58". 

7. 48°5 metres, nearly. 8. 2°607+ ‘001. 

9. 6:109+4 ‘001. 10. 0:0045 and 0:0075. 
11. 2°5785 and 2°5815. 12. +0°5 cm. 


13. 


ae 
15. 


16. 
ea! 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


ANSWERS. X1X 


(i) To nearest 10 lbs., 7.e. Error within +5 lbs. 
(ii) To nearest 100 Ibs., 2.e. Error within +50 Ibs. 
(ii) Error within + 36°05 lbs. 
(i) 290625 and 30:1625 ; (ii) 28°52 and 30-72. 
(i) 21°7875 sq. cm. and 22°7375 sq. cm. 
(ii) 29°4525 sq. em. and 30°5525 sq. cm. 
(iii) 560 sq. ft. and 660 sq. ft. 
(iv) 215,000 sq. yds. and 234,000 sq. yds. 
21, units’ figure doubtful (21:06 + ‘48, nearly). 
44, to nearest unit (44:21...+ °06...). - 
205, units’ figure doubtful (204°8 + °5, nearly). 
2°1, to nearest tenth (2:066 + -004, nearly). 
2°16, the last digit doubtful (2°16 + -01, nearly). 
1354°0 ft. correct to the nearest tenth. 
About 4620 lbs., units’ figure doubtful. 
About 213 Ibs., units’ figure doubtful. 
800°9 Ibs. and 790°3 lbs. nearly. 
Between £23,940 and £32,340. 
Bor, remaining figures doubtful. 
G)"l Hrnws, (ii) 1 em. ; (ii) 1 Km. ; (iv) l.mm.; 3 figures. 
£3°711458. (i) 2 figs.; (ii) 5; (iii) 1; (iv) 6. 
(i) 7s. 5d.; (ii) £371. 2s. lld.; (iii) 88d.; (iv) £3711. 9s. 2d. 
0°03612 Ibs. ; 252°88 grains; yes, to nearest hundredth. 
454 grms. nearly (453°6 + ‘2). 
(i) 25°4 mm. (25°394 01). (ii) 2,590,000 sq. m. to nearest 10,000. 
(i) 4°46 (+ °01). (ii) 14°91 (+01). 
(iii) 2325 (+3). (iv) 227,000 to nearest 1000. 
(i) 2°32 metres, last figure doubtful. 
(ii) About 7920 miles, last two figs. doubtful. 
About 499 seconds (possible error +2 seconds, nearly). 
10°4. 


. a Page 211. 1. 0°933. 90-0815) 
5°84. 4. (293. §. 0°125, 12°5%. 
0°56, 56%. TT, OOO 2057. 8. 0°76)n 716s 
2 10. 2:85 %. a 79°46; 12. (SAO. 
pao 7. 16100 %3 15. 18s. 16, - £64168; 
£25. 15s. 18:: “S122 Ide. 6d: 197 £On sar Gon 

b £6. 48. 2d. 21, E22. 128, 99: »£234, 12a 7a 
wal. D8. 2d. 24. £80. lls. 11d. 25. 18s. 10d. 


£19. 1s. 2d. 27. £24. 8s. 9d. 28. £3. 17s. 5d. 


Xx ARITHMETIC. 
29. 3th 30. 480% a 31. 495%. 
$8. 8169 alee 33. 526%. 34, 224%, 
26. ane 36. 3°5 37. £728,668. 


38. £14346. lls. 5d., £11955. 9s. 6d., £9564. 7s. 7Td., £7970. 6s. 4d., 
£3985. 38. 2d. 


39. 487%, 35%. 40. 953%, 883%; £953, £883. 

XI. b. Page 215. 1. £2194. 6s. 8d. 2. £901. 5s. Od. 
8.. £11014 38. 2d. 4. £4056. 6s. 7d. 5. £1703. 18s. ld. 
6. £18. 3s. 7d. 7. £193, 0s. 4d: 8. £1874. 8s. 9d. 
9. £667. 18s. 6d. 10. £61. 98. 7d. ti fas, 2d. 

12. £734. 7s. 9d. 13. £2737. 4s.-5d. 14. £40. 4s. 2d. 

15. £6. lls. 4d. 16. £1. 173. £12, 192. ‘Od: 

18.. £3072,:198. 7d. 19. £1209. 8s. 8d. 20. £1144. Os. 11d. 

21: £10, Ts. 6d. 22. £41. 4s. 2d. 23. £36. 4s. 10d. 

24. 139 fr. 87 c. 25. 5779 fr. 49 c. 26. 679 fr. 30¢. 

27. £7427. 6s. 104d. 28. £1439. 18s. Od. 

29. 9 hrs. 35’ 34”. 30. 43 Kg. 175 gm. 

XI. ec. Page 218. 1. £1. 10s. 9d. 2) 1254167. 

3. 4°55 litres; 10°5 litres. 4, 1094. 5. £26. 168. 3d: 
6. 25:26 fr., 20°48 Mks., $4°85, 9°41 roubles, 15°00 rupees. 

7. 29°739 gm. 8. £2. 10s. 1d. 

9. (i) 11°81, (ii) 22, (iii) 148-3. . 10. 14, 1. £1. 1s. 

12. .£6. 3s. 3d. 13. £9. Os. 6d. 14. 27 ft. 4°5 in. 

15. 56716714. 16. 197%, 16) sayy oe 173-13. 4d: 

18." 17'9 72,.16'3 75 15°5 7% 3 65,713, G2 ae 19. 1-08 Ke. 

20. 5. 21. (i) 25°27, (ii) 0°89; 36:2, 17°9. 22. 326 ft. 

23. 5700 tons. 24 193 cwt. 25. 12.23 p.m. 26. 276 lbs. 

PY Pens (ae 28. 1:02 sq. metres; 204 sq.°cm., 2 7%. 

29. 3°5 in. 30: 29-4, 

XIT. a. Page 223. - 1. 4 days. 2. 20 min. 
3. 3 hrs. 4. 1 day. 5. 9.36 a.m. 6. 56} min. 


: n-m mn : 
T.\ ole tare: ———— | eae 9. 225 days. 
mn n-m oe 
i 1 4a 
10. 57 7 days; ¢o of the work. ll. = days. 
12. A 50 days, B 50 days. 13. 30 days. 
14. A 75 days, B 50 days. 15. A 2s. 6d., B 1s. 6d., C 6d. 


16. (i) I2ehyss sai) 12.-hrs. 


ANSWERS. XX1 


SIT. b. Page’ 76.5.1. 44: 2. 3x. Berek: 

4, 23 5. 15. 6. 40, oS. 

8. 5. SKS. 10. 1 min. 11.. 33 yds. 
12. 3 sec. MES. 30. 14; 5 SEG im 15. 224 yds. 
16. 4 hrs.; 14 miles from A. 17. 24 hrs., 112 miles. 

18. 6 hrs. 19. 1.45 p.m.; 133 miles, 164 miles. 

20. 12 o'clock, 12 miles. 21. 4% secs. 22. 2145 sec, 
23. 6 min. 24. 113 sec. 

XII. c. Page 228. Tyee tty 2 in. 

2. 4853 tons, 422 tons. 3... Daag) fe Ve Od, 

5. £94. 13s. 4d., £103. 6s. 8d. 6. 80. 

7. 6233 yds., ait mi. per hour, very nearly. 8. 16°7 yrs. 

aa se 5 18-1, 10. 638-9 miles, 23°1 knots, 24-2 knots. 


11: 1 °S2:inds 2 Zann: 
12. (i) 0, 176, 352, 528, 704 yds.; (ii) 176, 352, 528, 704, 880 yds. 
Average result = 2200 yds. 


s=2200 yds. 

XII d. Page 231. 1. (i) 1l6y7, (ii) 4977 past 3. 
2. (i) 497 (ii) 1654)’ past 9. 3. 16;7'7 past 6, 49;')' past 6. 
4. 10;+¢ past 5, 477; “past 5. 5. 257’; 5147 past 7. 

6. 9,2 , 12’ past 2. 7. 247.08 30757 past 5. 
8. 225 yds. ye. LOS. 8 10. 5 to 13. 

11. 8 of the former with 10 of the latter. 12.0 2 yds, 

13. 10 yds. / 14, 8% yds. 15) 24 

16. 20. | 17. 42. 18. 176 yds. 


19. In 3 min., when one has walked 330 yds. and the other 396 yds. 
20. 64 yds. 21. 55 min. 22. A, Oda) 23. 6 mi. per hr. 
24. 440 yds, 45 yds. per sec., 432 5 yds. Bice sec. 


25. 22mi. perhr., 2mi.perhr. 26.' 5 mi. per hr. 27. 36 miles. 
a e. Page 234. 1. A 45 yrs., B48 yrs. 
A 16 yrs., B 25 yrs., C10 yrs. 3. Silk 6s., Linen 1s. 
4. 140 at ls. 6d., 60 at 2s. 6d. 5. 180, 205. 6. 40. 
yee 8. 360. 9. BO, 10. 10 p.m.; half-way. 
11. 7 miles. 12. 15 miles from A’s starting point ; 34 hrs. 


13. 2% miles. 14. 13 miles. 15. 58 miles, 


XXli ARITHMETIC, 
16. 60 miles, 5 p.m., 10 p.m. 17. 2 p.m. or 3.40 p.m. 
18. 2hrs.; +18 must be changed to — 18. 
19. (i) 12’ after A starts; 1 mile from Bath. 
(ii) 42’ after A starts; 34 miles from Bath. 20. 5 miles. 
21. 5hrs. from the start. 22. 9 parts of milk to 1 of water. 
23. 6 gallons. 24. 45 min. 25. 2. miles an hour. 
26. 12 noon; 125 miles from Bristol. 27. 5 miles. 
Misc. Ex. III. Page 237. 1. 6s. 8d., 6s. 10d., 68. 5d. 
2, £11. 13s. 4d., £16. 13s. 4d. 3. 29,430 tons. 4. Ils. 3d. 
5. £11. 4s. 8d. 6. 252068 7, £3.18. 6d. 8. 3s. 134. 
Bin ft.: 2 bre: 58-minz 10. 30 gallons, 6s. 
11. 274:3000; 13°5. 12.4 6%yds2 ft. 15. £19. 15s, 10d. 
16. £26. 3s. 4d. 17. 46-424, 6:80. 18. 75- 
19) 21 ft. 9 in. 20. £30.10s.3id. 21. 44 fr. 8e. 
22. £2445—£244. 8s. 1]d. 23. 2.58 p.m. 24. £3. 8s. 8d. 
25. ‘Till he is 55 yrs. old. 26. 2 min. 15 secs. 27. £1. 4s. 11d. 
28. No: loses 8s. 6d. 29. £48. 7s. 6d. 
30. £5327. 2s. gained. - 81. 2:1635 Kg. and 2°1725 Kg. 
32. 79900. 33. 90 miles. 34. Cand D: by 264 yds. 
35. 18min.; 1 miles. 4 miles; and 42 min. from the start. 


a 


PART. Il. 


XIII. a. Page 244. i ea be Oe. 2a oy" 20. 

4 3). 5. SY. Go 40: 77 46 S$; 59; 
9... 58. 10.* Sia 15. 193, 123 Zoe 257-2140. 
14. 309. 15. 741. 16. 708. 17. 905. 18. 1679. 
19 4321. 20... 3702: 21. 1003. 99) S00 Va 23. 92829. 
24 34021. 26. (i) 53845616; (11) 105616. oT; A007. 
XIII. b. Page 245. 1 8-4, 2. Ad, 3. 0°79. 
ee O17. 6.0 ke 6. 6:42. (tet galt 

Be ou G. 9." 9:09; 10. 34°91. A Aes 

12. 0°0374. 133-3083; 14. 23°605. 15. 0°01263. 
16. 17°453. 17." 52-004, 18. 260:°04. 20. 0:018496. 
XIII. c. Page 248. s loess 7 Dit eras Oh 

3. 2°449. £2" 5:16. 5. 2°646. 6. 1-581. 

7. 0°686. 8. 0:265. 9. 0°714. 10. 0:°226. 
Ti -0°379. 12. 15°349. 43... LAc53e 14. 4°1'78. 

15. 17-029. 16. 0°756. 17. 1%. 18. J+‘s- 

am #05. 20. 42. 21. 6575: ” 29, aie 

3, $3. 24, 33%. 25. 0°354. 26. 1:183. 

a7. ~0°345. 6° 2-057. 29. 1:029. 307) P8038. 

31. 1-581. 32. 3:953. 33. 0°23769. 34. 0°189736. 
35. 0°60698. 36. 1°751846. 

XIII. d. Page 250. £3) 15g, 2. 6°7082. 
3. 0°7071. 4, 2°3094. 5. 19°5959. 6. 0°8165. 
4, 3°7796. é Be F-58718. 9. 0°'2887. 10. 0°2041. 
11. 0°2679. 12. 1°3660. 18...-3-2361. 14. 0:°2679. 
15. 5:°0379. Moz 1800. PT aA is; 102. 


19. O°05l. 20, 2°71. 21. 6°44. 


XXiV ARITHMETIC. 


ee e. Page 252, 1. 289 yds. 2 105 ft 
219 yds. 4, 1458 yds. “6. 510m., 721 m. 

6. (1) 324; (ii) 825; (iii) 19°74. 7. £38. 15s. Od. 

8. 30 min. 9. 30°1 yds., 90°3 yds. 10. £104. 10s. Od. 
11. 18 ft. 12. 121in. nearly. 13. 6600 sq. yds. ; 81-2 yds. 
14, (i) 314°16 sq. em.; (ii) 17°-7em. 15. (i) 35°5 Sq.in.; (ii) 43°3 sq. in. 
16. 5°64 cm. 17.7 °39°9..0m. 18. 344 metres per sec. 
oe a. Page 256. 1. 98 sq. ft. 2. 148 sq. ft. 

42 sq.ft. 4 2059. ft. 5. 162 sq. ft. 6. 1164 sq. ft. 

7 99sq.m. 8 47°56 sq.m. 9. 101°6sq.m. 10. 54 yds. 

11. 17°5 om. 12. 14 ft. 13. 5 ft. 8 in. 
14. 6 sq. yds. 2 sq. ft. 36 sq. in. 15. 3 sq. yds. 5 sq. ft. 16 sq. in. 
16. 1 sq. yd. 1 sq. ft. 81 sq. in. 17. 3 sq. yds. 1 sq. ft. 64 sq. in. 
18. © £1. 293 2d: 19. £4.10. 20. 29 fr. 70 c. 
21. £1. 98. 4d. a2, 6d. 23. 5s." BE aes 
25. 1°89 ac. 26. 4ac.2r.9 p. 27. Ajvae.d rv. 9p: 
28. 21 ch. 25 lks, 29. 23 ch. 45 lks. 30. £156. 5s. 
31. (i) 5°957 Ha., (ii) 15 ac. 32, £21 Dace, 
33. 88 m. 34. £149. 4s. 6d. 35. 1029. 
36. £3. 7s. 6d. 37. 24 ft. 6 in. 38.9 $i, 3 in. 
39. Length of tile must be parallel to width of floor ; 6s. 8d. 
40. 2132, 41. 41. 549; 540 whole, 9 divided. 
42. 232 sq. yds. 43. 19s..6d. 44. 3904. 
45. 78 sq. yds. 46. £49. 2s. 6d. 47. £5. 6s. 1d. 
48. 1728 tiles, 288 boards. 49. £570. 12s. 
abe b. Page 262. 1. 40 yds. 2. 28 yds. 1 ft. 

13 ft. 6 in. 6c. £20, 5. 8; £9; &. 

6. £4. 3s. 4d. 7. 36 yds.; £9. 18s.; 135 sq. ft. - 

8. (i) 90 sq. yds. 6 sq. ft.; (ii) 128 sq. yds. 3 sq. ft. a.” £4, 
10. £3. 10s. 6d. 11. (i) 13sq. yds. 1 sq. ft.; (ii) 30: sq. ft. 132 sq. in. 
IOS: fon, 40). 14. 12: ot Rem oo 
16; 5 £2. 38), 3d, ioe LO ft.6\in: 18. 46 sq. ft. 

19% 2s. Gd, 20. 552 fr. a1, - I3iaq- ft. 


XIV. c. Page 264. 1. (i) 533 sq. ft.; (ii) 6s. 21d. ; (iii) 1s. 3d. 
2. (i) 14°08 m.; (ii) 46 ft.2in. 3. 10:1 yds, 4 £100. 11s. 8d. 
5. £1. 12s. 35d. 6. 1561°6 ac. \ Te 20g. om: 

8. 4ways; 39690, 4410, 810, 90. 9. £1. lls. 6d. 

10. £2. 3s. 102d. 11. 4ac. Or. 2p. 12. 11m. 73 cm. 


13. 633 sq. m. 14. £5. 
16. 628-3 sq. ft. 17. 
19. £4. 13s. 4d. 20. 
22. 107°5 sq. ft., 65 sq. ft. 
24. 2663 fr. 25°. 25. 


ANSWERS. 


15. (i) 10°18 sq. m. 
18. 
21. 
23. 
26. 


698 sq. yds. 
£96. 6s. 


682°6 ac. 


27. 15in., 125 in.,. 30 sq. ft. 


oe d. Page 269. 


5. The three lines are parallel. 6. 
7. A circle whose radius is 


XV.c. Page 282, 1. 
3. (i) 3; (ii) 1°3 nearly. 


28. 


XXV 


; (li) £2. 1388. Od. 
£7. 15s. 7d. 

15 sq. in. 

110 yds. 

171 yds. 

£62831. 4s. 


(i) 15 cu. ft., (ii) 63 cu. ft., (iii) 60 cu. ft., (iv) 162 cu. ft. 
7 121°5 sq. Rs 91°125 cu. ft. 3. 90 cu. yds. 
4. 36 cu. ft. Se ans im... (11) 720-cur'm, 
6. 4m. 7 155m, 8. 150 lbs. 9. 400 gallons. 
10. 168 sq. ft. . AL)? 2. at Tail rt. .6.in, 
13. 10 sq. yds. 14. 2836 tons. 15. 93 tons. 
16. 680625 gallons. 17. «1887125; 18. 3185 lbs. 
19. 8640. 20. 12/sq. fu. SE, 12 ft. 
sey e. Page 272. i 21°42. K 5. 
(i) 18°75 gm.; (ii) 27°648 gm. S25 tons. 
4. 1275 lbs. 5. 3630 tons. 6. 117°48 Kg., 258 lbs. 
7. 10cm. 8. 218750 litres. 9. 50cm. 
10. 203 Ibs. 11. 240 cu. in. 12. 327 cu. in. 
13. Capacity 819 cu.in.; Material 301 cu. in. 
14. 1l}hrs. 15. 110,000 gallons. 16. 25 cm. 
17. ZZ tons; £2. 19s. 9d. 13 cu. ft. ; 15438 Ibs. 
19. 4% in. 20. 1105. Bie [8, 
22. 27000 blocks; 10, roughly; £11. 14s. 5d. 23. 39%. 
24. 406 acres; 15 sq. mi. 255 days. 
26. 2,374,600. 265 m. 
XV.a. Page 278. 9. 36. 10. 120. 
11. (i) and (ii) 5; (iii) and (iv) 17; (v) and (vi) 37. 
a2, LO Te, 13... <Low. 14. 10 mi. 
5) 
XV.b. Page 280. 1) et, veo 3. (-5, 0), (0, 10). 


A straight line through the origin. 


5 units, and whose centre is at the origin. 


2. 
5. 


Paty y=. 


26 nearly; 1°28. 


XXVI1 ARITHMETIC. 


XV.d. Page 288. 6 27°8 and 45°3 millions. 

8 3°8ain.s 17 °6. in. 9. 54°5°F.; 86:°9°F. 10. 30°53 59; 
11... Stiems; 24875 oz. - 12. (£2259 se = 2e8) Sa 13. 178.3 '36s.:6d. 
15 36,, 32°5,.'79. 16. 30°4 cm. 18 lbs. 


17. P, 36700; Q, 42,000. In 1883; 45000ineach. 18. 45°96, 39°40. 


XVI. a. Page 293. 1. Fs 2h or: Be 4. - 5. 
B. ea 6. (i) 1:40; (ii) 7:80; (iii) 19: 160; (iv) 17:64. 
7. The second, the third; (i) 545%, (ii) 63°6 %, (iii) 45°5 %. 

8. (i) 35:32; (ii) 11:5; (iii) 7:4; (iv) 5:2. 

9. 20:33. 10. 12:7. 11. 4:3. 12. 9:20. 

13. 8:9. 14. 16. 15. 22. 16. 19-3. 

Lie eoree aii) 11°38 3-{iii). 70: 18. The first; 10:9. 

19. sse7-soy 65 mi., 12 in. 

20. lly mi. to 1 in., -574555, 73 mi., 43 mi. 


XVI. b. Page 297. 42/2 45. 2. 7°65. 
372524. 4. £2. 10s. 5. £3. 17s. 6. 1°05 Kg. 
AR gs. 24. 9. 5°175. 10. Si 

2 

1. 45, 12, gi. Lae 0b Ae Fe 

15.231: 16. =. AT ADE 18. a. 

19. £45. 20. 252 m. 21. 9°24 tons. 22. 945 mi. 

23. £5. 8s. 24. 2750 m. 25. 132 fr. 26. 0-061. 

27. 1018 Kg. 28. 2667 m. 29. 219 gals. 30. 449°8 Ibs. 

XVI. c. Page 300. 1. (i) £22; (ii) 9 tons; (iii) £9: 

(iv) 1:19 Km.; (v) £16. 5s.; (vi) 1 Ib. 14 oz. 
2. aloe. 3. 333 mi. 4. 9 in. 5. 39 days. 
6. 324 hrs. 7. Tz min. 8. £2.12s.6d. 9. 60 yds. 
10. 25 knots. 11./ °3/min: 12. (1) £58. 168.3 (ii) Sid. per hr. 
_ 13. (i) 44 mi.; (ii) 4 hrs. 12 min.; (iii) 213 mi. perhr. 14 £1. 

15. 132 Kg. 16.: £187. 10s. 17. 840 fr. 18. 31 cwt. 

19. 545 mi.; 51d mi. per hr. 20.5) 131°22 oz; 21.: S695 m: 

22. 34°55 m. 23. 296. 24. 170. 25. 0°40 oz. e 
26. 20:2 mi. 27. 2mi. to | me3> Sma. s O°) mi. 
28° 15:8 mi. to 1 in., >oq-e57 109 mi. 

29. 710 lit., 710 Kg. 30. 8 min. 

XVI. d. Page 303. 1. £263. 5s. 2. £96. Ss. Te: 


3.2 YBLZI. Be. 4. 18 cwt. 3 qr. 6 lbs. 5. 65 mi. 


ANSWERS. XxVil 
6. ar os Ton 2 Nvs. 8. 40. 9. 49. 
10. 4. 11. 33 mi. 180 (ELI e203 13. 18 cwt. 80 lbs. 
14. 2 tons 8 cwt. Oqr. 24 lbs. 15. £40. 5s. 16. 15s. 
17. . 4s. 7d. | 18. £85. 8s. 4d. 19. £105. 15s. 9d. 
20. LOS Tals bar, 108.) 22. £1511. 78. 8d 4 28H L490, 10s. 10d. 
24. £1424. 25. £82. 10s. 26. £2500. 
27, LTA. 183d. ae. © £024. 5a. ' 29. £640. 
30. £580. 13s. 4d.; £563. 7s. 10d. $1.° £528. 10s. 
$2. - 3:5 in. 9°19 mite! Tin. ; DS0LOD: 33. £176. 4s. 
34. 3 hrs. 35. £20. 8». 6d. 36. £1233. 
37. 825 9m. 38. ~£999. 39. No gain or loss: 
40. 14 Kg. 41. 129646 lit. 42, 0°78 cu. in. 
XVI.e. Page 313. 7. (i) 29s.; (ii) 14:4 dollars. 
8. (i) 114 litres; (ii) 4°6 gals. 10. (i) 54°1 grains; (ii) 0:2 gram. 
11. 2300 yds. 12. 50°25 cm.; 12°7 cm. 
13. 7s. 8d., 228., 53s.; 61 days. 14. 27°3, 44, 53:2 mi. per hour. 
16, (£2; £2.88. Carts, £3. 128. 1%718.5d.,528.> 3s. Sd... 5 hrs: 
18... 90.92. 
be f. Page 316. 1. 320 sq. ft. 2. 35 cwt. 
45 mi. 4. £12. 5. % ton. 6. 1x lbs. 
' 12 wks. &.- £270. 9... £11. 6s: 10. 10. 
LL... £192. 12; 24, 13.  1iémen. 14. 60 men. 
15. 26 days. 16. 28% days. Lis tae 18. 13 wks. 
19. £39.78. 6a. OU. 21. (iyo Gerke. (iii) 40. 
22. 1000 men. 23. 28 days. 24. 3s. 6d. 25. 33°6. 
26, Szhrs. 27. 34mi.anhr. 28, English; £8000. 
XVI. g. Page 320. is. £24, £56 Bella ami. 209 mi. 
3. 90 tons, 1125 tons, 2475 tons. 4 £119, £136, £153. 
B.. £5: 83., LOA: 24. 6. 606 yds., 90°9 yds., 151°5 yds, 
7. 25Kg., 45 Kg., 50 Kg., 60 Kg. 8. £550, £880, £990. 
9. £0, £26, £5, 10. 176 tons, 198 tons, 55 tons. 
H.\ £3: 76. Bhi Be. SbY £5. 2s. 12. (£10) eZ) Se 2er0s., £24. 
13. 1°60 Km., 1°25Km.,2°15Km. 14. 139 gm., 324 gm., 537 gm. 
15. 260 m., 43°3.m., 50°7 m. 16. 67°5 yds., 94°5 yds., 108 yds. 
17. : 30, 48, 72, 18. lj tons; 187%, 50%, 314 %- 
19. 153m., 102m., 34m. 20. 88 ft., 120 ft., 130-ft. 
O.- £36526; ie ae 6d., £91. Os. 6d. 22. £40, £24, £16. 
93, A25%, BS8E%, C412 %; £625. 


XXVI1il ' ARITHMETIC. 


24, £1275, £1575, £2250; 25 Vas 


25. £31.5s., £41. 5s., £52, 10s. ; 2s. 6d. 26. 17s., 188;, 10s. 
27. 33900 grs. 28. 864 om. 29. 298 gm. 
30. 3°53 Kg. 31. A £42. 7s., B £18. 3s., CO £12. 26. 


32, A £1. 2s.6d., BE£I1. l6s., C £1. 4s. 
33. <A £5. 16s. 8d., B £2. 6s. 8d., CO £4. 6s. 8d. 


34." A £42, B £56, C SAR, 36... .29.> 212-19. 

36. A £170. 13s. 4d,, iB £158; 12s CO £59. 14s. 8d. 

37. £75, £85. 38. £202. 10s., £225, £281. 5s. 
39. A £930, B £46. 10s., C £581. 5s. 
40. A £336, B £420, C £210. 41. 60z., 9 oz. 
42. 42 lbs., 16 lbs., 20 lbs. 43. £486. 13s. 4d., £730, £2433. 6s. 8d. 
a2) 49, 56,105: 460 7:52:42 1°4 lit., 1 lit., .0°8 lit. 
ae h. Page 326 se pe Se 2. 42 ft. 

250 sq. em. 4, 22:0 cit»; 153-9 sq. em. 

“ 10,125 sq. yds. 6. 2587 sq. mi. 

7. (i) 16 ft.; (ii) 258 ft .e=161oce 8. 0-4) lb., 11°07 lbs. 

9. 9cm., 6 em., 4°725 Kg. 10. 2:5 Ibs., 56 Ibs. 
S278. 12. 302-4 cu. in. 13. ‘I'he second. 

ee Od. 15... £2700. 16. 0°01538 om.; 13°5 %. 
ate 22 in. 18. Y= qe. 7°56, 10°56. 
19. C (in inches) | : | 3 | ] | lt | 124 eee 


S (in tons) 


0-1 | 0-4 | 6-9 | 1-6 


2-5 | 36 | 4-9 | 6:4 


20. (i) 1°62 lbs. per sq. ft. ; (ii) 28 mi. per hr. 


Miscellaneous Examples IV. Page 330. 


ot (i) 17; Gi) 2. £387. 5s. 53d. 
_3. The train. 4. 10°56 in. 
~5. 2757 tiles, 3344 sq. in. 6.53" ..7-11 18 tae 
Pe te £18. 133 11d. ° 8, ae 9. £7. 11s. 4d. 
10. 391 fr. dd aerid, 12. 114 days. 
Uiveis. « 39, 14. 028845. 15. 13 ac.; £253. 10s. 
16. 03727. LT priGolicKs: 18. 700 yds. 
D. 19. Lighter. 20. £39. 19s. 93d. 
21. 29172 x 172=8430708. 22. 15d. and 10d. 


23. £16. 24. Bb £35, C £23. 


M. 


Wes: 7 

ANSWERS. r 
£5500. 26. 18 days, 12 days. 
0251875 ; 02514. eee 60, 16 %13%. 
First 5s., Second 3s. 6d. 
(i) $3 (ii) 1. | 32. 384. : 
Man 5s., Boy 2s. 6d. 34, £2. 11s. 10+d. 
£7475. 10s. 36. 113 grains. 
Oy 4, lL VR and 2 apo BC.F, = 119. 
6°8 oz. 89. fro. 40. 17s. 2d. 
57 nearly. 42. 363 men. 


10 Kyg., 8 Kg. 5 11 Tbe 3s ibs: 
A £173. 7s. 9d., B £140. 10s. 6d., C £96. 5s. 


XX1X 


8. 4d. 


9. 46. 1123. 47. £187. 5s. 7d. 48. 30. 
18 sq. in. 60) ol) 2s.o0., £1. 16s., £1. 198. 5a. 

21 days. 62. 2s, 63. 60 mi. per hr. 64) £1525 
4-735, 12°3125, B1825,-782: 30. ; 56. (i) $3: Gi) eye 
132 sq. yds. 4 sq. ft: 58. 22% weeks. 
2°11 Kg., 4 Kg. per sq.cm.; 32. 60. £20. 

£294. 7s. 34d. 62. 7. 63. 210-00004. 

(1) 3.mi. per tir (iy) 45 hrs. 65. 51 litres. 

3 mins. 31+ secs. 

33d. 68. £134. 2s. 8d. . 69. £1600. 

25 in. to 1 mile, 62°5 sq. in. 72. 4s. 10d. 

£235. 5s. 6d. 74. 10 days. 


A £65. 88. 9d., B £196; 6s. 3d.,, C £261. 15s. 
6°3 secs., 31°5 secs. ieee bel, ills 78. 623 23.40 


Peas, 
2°2 lbs. 80. 31 oz. 81. ls miles an hour. 
20 miles. 83. 88 yds.; 22 mi. per hr. ' 
2°83, 4°95, 12°16, 5°5. ? 
123; 98=105-15+3. 86. 4 ft. 87. 138. 
3s. 23d. 89. 1m. 85cm.; 1°815 m. and 1'885 m. 


(i) 44 sq. ft.; (ii) 164 gm. 


54, 92. (i) £43. 10s.; (ii) £4. 6s. 73d. ; (iii) 24 mi. 1265 
£2, 12s. 8d. 94. 1 in. to 22 miles. 95. 2 hrs. 

6 p.m., 48 mi. from London. At 4 and 8 p.m. 

(i) B4 mi. behind A; C6 mi. behind B. (ii) 4.20 p.m. 


yds. 


XXX 


ARITHMETIC. 


XVII. a. Page 340. 


1. (i) 286%; (ii) 154%; (iii) 29°4%; (iv) 524%; (v) 53-3 ie 
2. (i) gos (ii) go; (ii) $; (iv) 2. 3. 14%. 
4. 2837. Beas ° 6. 14%. 7. £1. 8s. 
82°, £3108 9. £15.15s. 10. £41. 8s. 11. £41. 2s. 6d. 
12. 118°86 fr. 13, 20%. 14, 1677, 1B ce: 
16. 47%. 17 14-07. 18. 7766 7. 19. 602%. 
20. 3°31 7%. 21. 6°54, 22. £22. 18s. 5d. 
23. £79. Os. 7d. 24. £29.10s.10d. 25. £2. 10s. 
26. £6.0s.6d. 27. £46.58. 1d. 28. (1) £9. 1s. 8d.; (ii) £86. 9s. 10d. 
29. £12. 10s. 30. 0°69%. aL. lowe 32. 268; 5°7%. 
XVII. b. Page 343. py a 2, 13,272. 
3. 57,000. 4. 108,290. 5. 8s. 3d. Gyelts, 7d. 
7. 142,800. 8. £560. 9. £8000. 10. £12,562. 10s. 
11. 172°425 Km. 12. 38-71%. 14a 4 ye 
15. Olives, 35 lbs. per ac.; 8 7  Ourrants, 2083 Ibs. perac.; 3%. 
Figs, 1154 lbs. per ac. ; “la 
16. 21 AT Os 42.7. 17. 67%, 66%, 65%; 66%. 
18. The former. 19.) 15 Zed7,,. LES: 
XVII. c. Page 346. 1. 20% gain. 2. 114 % loss. 
3. 10% loss. 4. 125% gain. 5. 20% gain. 
6. £65 (ORNR Cir A So GT 13°50 c. 
9. £10. 9s. 3d. $0 O59: 3 Ba 
1 Hae BI. 13. 9s. 6d. 14. 4s, 
15. (i) 84% gain; (ii) 13°7% loss; (iii) 12°5 % gain. 
16. 12% gain. Lie ells. San 18. 15% gain. 
19. 21% gain. 20. 20% gain. 21. 8s. 4d. 
g2.- 12s. 6d. O87 £16; 24. £72. 10s. 
25. £52. 10s. 26. 1s. Odd. 27. £18. 13s. 4d. 
28. 3s. 4d.; £28. 16s. 29. 2s. 
XVII. d. Page 349, 1; £440, 2 Big 
3.861. Ta 4. 10s. 10d. 5. 20% loss. 
6. 7% loss. ao 7, lost. Be Der Sr, 
9. 2s..6d. 10,5 8:7. ll. 29°6 % gain. 
12, \- 12 <1 e 13. £415. 14, £37. 10s. 
15. £33. 6s. 8d. 16. £3. 2s. Gd. 17. 14s. 8d. 
18. 48s. 19. £34. 13s. 20. £4. 10s. 
21. £2100. 22. £4. 3s. 4d. 23. £5. 


i 


ape! 


ve 


Fae | od 


ANSWERS. Xxxi 

24. 4s. 9d. “9s. Lav Ost ay, 1. 26. B10 %. 
a7. BS. 28. 20%, 
29. (i) 8s.3d.; (ii) £1,178. 1$d.; (iii) £10; (iv) 484%. 
XVII.e. Page 352. 1. 80,000. Births 8800, Deaths 3200. 

g. YOR the 5 4, £1036.16s. 5. 5. 

6. £393. 15s. To EtSA! 5s, 8s ome 9. 575%. : 
10. 335%. ee 19.000 73 13. £1. 13s. 4d. 
123 2is3. a5. 7.11: 80. 16500" 
17. £14°6 millions, 71°7 millions. 18. £24. 19. +4 ofa quart. 
20." be: 21. £50. 22. £1. 10s. 10d. 
23. £1. 2s. 2d. 24. In equal quantities. 25. £18. 
26. (I eon Bie 23 OL, 2607. 28. 82%, £20. 
XVIII. a. Page BOL. ch. “£360. 2eneeG: Se, 420: 

4 £84. 5. £40. 10s. 6. £405. Co ie 2d ae a8 A 

8. £38. 5s. 9, £234; 10. 2 118;-22, Ve Iie a CARL 6 
12. £38: 5s. 13. £75,158. 9d. 14. £48. 18s. 
15. £404. 10s. 3d. 16.. £61. 138. Ld: Li Looe. 08. SC, 

18. £44. ds. dd. 19. £313. 4s. 20. £228. 9s. 4d. 

21.. £8. 3. 3d. 22. £166. 6s. 6d. 23. £271. 10s. 10d. 

24. £1953. 5s. 8d. 25. £1284. 15s. 1lld. 26. £10. 6s. 8d. 

27. $12,34. 28. £449. 3s. 4d. 29: “ir. 63500,65. 

XVIII. b. Page 360, 1. £761. 5s. 2. £1853. 7s. 

3. £1748. 5s. - 4, £253. 11s. 11d. 5. £1702. 16s. 

6. £869. 8s. 5d. 7 £431. 12s. 4d. 8. £222. 18s. 5d. 

9. £385. 9s. 2d. 10. £791. 10s. 9d. ade ba 8807 a. 

12. £2. Os. 6d. 13. £65. 19s. 6d. 14. £7. 138. 5d. 

15. £10.78. 5d. 16. £415. 18s. 10d. ate, SOLS. Feld. 

18. £2473. 14s. 7d. 19. £1406. 10s. 3d. 20. £407. 9s. 

21. £1268. 15s. 22. £204. 13s. 2d., £301. 18s. 8d. 

23. £632. 19s. 10d. 

XVII ¢.” Pave 362... 1. £300. .2,. £450. 3. £2700. 

4 £250. 5. £126. 13s. 4d. Gipelsi, 10s. 7. £443. Ge. Sd. 

Si | SED. 9. £1090. 10. £800. 11, £750. 

12. £700. 13. £5400. 14, £485. 15. £200. 
16. £236. 6s.8d. 17. £1351. 18. £237. 19. £1076. ‘¥ 
20. £310.16s. 21. £1778. 22. 10yrs. 23. 5 yrs. : 
24. S8yrs. 25. 45 yrs. 26. 33 yrs. a7. 4 yrs. re . 
28. 8 yrs. 29. 30. 25 yrs. 31. 103 days. — 


4 yrs. 


T « adi: 4a 
xxxii — ARPPE ug a. 
82. 100 days. 33. l112days. 34 *3 %. adi 38, 6 7 J } 
36. 32% 37, oe BS wd fie 639 Bh 
40. 25%. 41. 43%. 42. 47, ky age ie 
44, 3°55 %. 45. 6°76 %. 46. £2057. 

47. (i) £236. 7s.; (ii) £55. 6s, 48. 240 days. 
49. Jan. 9th, 50. £1500. 
XVIII. d. Page 367, 1. £20. 43: 
2. £92. 6s. 64d. 3. £28. 12s. 8d. 4. £6. 7s. 6d. 
5. £5. 10s. 5d. 6. £51. 18s. 4d. 7. £12, 33 ae 
8. £14. 12s, 2d. 9. £14, 138. 11d. 10. £1. 9s. 4d. 
11. £23. 2s. 8d. 12, £13 08 2g: 13. £39. 9s. 6d. 
14. £37. 5s. 8d. 15. 27S. 16. £18. 10s. 
XVIII. e. Page 369, 1. £3. 0s. 4d. 2. £28. 11s. 8d. 
8. £4. 2s. 8d. 4, £3. 6s. 4d. 5. £11. 10s. 11d. 
6. £313. 13s. ld. 7. £1899. 7s. 8d. 8. £3646. 5s. 11d. 
9927071, da. Bd, 10. £1024. 138.90. 11. 4%. 12, Q2Y. 
13. 9 months. 14. 4 months. 15. 57: 16, Apeae 
XVITI. f. Page 371. 1. £220. 10s. 2: £2704. 
3. £3978. 7s. 6d. 4. £4051. 13s. 9d. 5. £811. 16s. 6d. 
6. £4011. 3s. 5d. 1. £18. 73.ee! 8. 253: 1aa- 
9, £90. 19s. 11d. 10. £558. 18s. 9d. 11. £373. 19s. 3d. 
12. “£516. 15s. 13. £187 SeAOd, -/ 14. $533.04. 
45. "£5384. 98, 1d. 16. £4890. 12s. 7d. 17. £5266. 8s. 2d. 
18. £7702. 17s. 5d. 19. £5478. 4s. 6d. 20. £1762. 9s. 8d. 
21. £260. 2s 6d. 22. £580. 3s. 3d. 23. £325. 5s. 4d. 
24. £239. 17s. 2d. 25. £54. 148. 3d. 26. £340. 7s. 8d. 
aie £014. 178. 4d: 28. £17,104. 9s. 8d. 29. £106,408. 4s. 4d 
30. £262. 14s. 9d. 81. (i) 10°250% ; (ii) 5-095 % ; (iii) 2-524 %. 
XVIII. g. Page 375. 1. £410. lls. 4d. 2. £982. 9s. 1d. 
B.)0 £9104,.28. 3c. 4. £279. 5. £312. 
6: £3000. 7. £4750. 8. £3300. 
9. £250. 10. £266. 14s. 11. £770. 19s. 6d. 
12. £1830. 5s. 8d. 13. £5600. 14. £3600. 
15. £280. 16s. 16. £19,512. 17. £2500. 
19)... £317. 20. 33,600; 30,000. 21. 374,600. 
22. £15. 4s. 23. £9. 17s. 2d. 24. £18. 6s. 
25.° £4. 3s. 3d. 26. £18. 7s: a7. Bo. 
28.. £3125. 29. £3750. 30. £5000. 
31. £1283. 32. £22,103. 33. £27. lls. 11d. 34. £1407. 


oy ed « 
ANSWERS. XXXII 


» ) \ by y nf a fl | a r # 


XVIII. h. Page.380. 2 

1. (i) £3°8; (ii) 16s.; (iti) 153 (iv) 32; (v) £100. 

2. (1) £355; (ii) 33 years. Bi Bi 28 aor tedy. 1, 88. 
4. Each Principal amounts to £450 in 25 years. £200; £300. 


XIX. a. Page 383. 1 £2692: A Baar. 

3. £3811. 4. £4230.98. B. £4125. 12s. 6d. 
6. £485. 12s. 6d. 7. £400. 8. £2660. 

9. £4000. 10. £1600. 11. £600. 

12. £5600. 13. £2736. 14. 92. 

15. 80. 160 L714. 17. £976. 

18. 86. 19. £2751. 16s.10d. 20. £7256. 8s. 2d. 
21. £3911. 6s, 10d. 22. £39. 23. £21. 2s. 6d. 
24. £760. 25. £442. 26. £137. 10s. 
27. £37. 10s. 28. £213. 18s. 29. £50. 18s. 4d. 
ee b. Page 385. 1. £102. 2. £95. 12s. 6d. 

£128. 12s. 6d. 4. £44. 5. £160. 

6. £45. 7. The 2°4 by £10. 10s. 8. £76. 

9. £6. 5s. 10. £21. 12s. 4d. 11. £113. 16s. 9d. 
12. £15. 3. 11d. 13. £2700. 14. £6600. 

15. £1200. 16. £420. 17. £1694. 

18. £960. 19. £1414. 10s. 20. £6933. 

21. £2414. 22. 5%. Py Maes 

24. 3°79. 25. 4°44, 26. 3°35. 

27. The 24 by 0°64 %. 28. The 2°4 by 0:07 7%. 

29... The 1* by 0°127,. 30.22 Phe eae 

81. £1512 in each. 32. £1000. 33: 80. 

34, 110. 35. 75. 36. 96. 37. 110. 
38. 1357. 39. 115. 40. £480. 41. £2007. 
XIX.c. Page 391. 1. £7158. 3s. 6d. 2. £2502. 10s. 
3. £3500. 4. £7350. 5. £7256. 8s. 2d. 
6. £3. 15s. 7. £158. 6s. 8d. 8. £126. 

9. £120. 10. £12,800. 11. £7090. 

12. £18,319. 13. 94%. 14. 922. 

oot EZ 16. Gain of £5.10s. 17. Loss of £12. 
18. £5. Gerdes 560, ~  90..-« Gain of £112. 11s. 6d. 
21. £477. 7s. 6d. 22. £1207. 5s. 2d. 93, £12. 14s.-6d. 
24, £951. Is. 1ld. 25. £29. 12s. Sd. 26. £419. 10s. 


27. £1142. 10s. 6d. 
AR. ILS. C 


XXX1V f 


3. £1138, 15s. 


ioe al. Page 395. 1. £1937. 10s. 

£635. 6s. 6d. 4. £875. 5. £678. 2s. 6d. 
6. 20. 7 (i) £15. 15s.; (ii) £15. 5s. 6d.; (iii) £86. 5s. 
8. £5. 15s, 9. (i) £6; (ii) £5. 6s. 8d.; (iii) £4, 14s. 5d. 


10. 203 £150; £20.12. 6d. 11. (i) 56; (ii) £389. 5s.; (iii) £96. bs. 
12. £133. 6s. 8d. 


. e. Page 396, 1, 955. 2. £34. 9s. 4d. 
The first by 12s. 6d. 4. 967. 5. 1743. 
6. £29. 3s. 4d.; £25. 7. 1034; £51. 8, 3h 
9. £135. 7s. 10d. 10. £1000. 11. £8240. 
12. Gain of £10. 16s. 13. The second by £1. 7s. 6d. 
£2) £5480.) 58: 11d. ot £16,250. 16. £4725. 
17. £1600. 18. 27 2 Diaae 20. Gain of £5. 
21. 155:147. 932 10d. 23. Increase of £36. 3s. 11d." 
ae, £1785. lds. 9a Sa 25. 3000. 26. £489. 15s. 5d. 
$27. £20,643; 308 Y. 28. £248. 8s.; 9-6 %. 
Miscellaneous Examples V. Page 400. * 
A. 1. 1016 Kg. 2. £19. 92. 3d. 8: ise 
£20 ith, 5. £95. 16s. 8d. 6... £285. 
B. 7 ac. 8 (i) 10d.; (ii) 42. y. 9. 168'Ibs. 
10. 0°39 sq. mm. 11. 68. 2d.; 20°3. 12. £191. 4s. 4d. 
18. ON, 7 14. 3011760. 15. 323 %. 
16. 4+. 17. 52 hrs., 42 hrs., 32 hrs... 183 682 
D. 19. 1100. 20. 150_yds. 21. £6. 13s. 4d. 
22. 539 fr. 23. £30 loss. 24 £678 at7 7%; £452 at 2%. 
E. 25. 1373; 123. 26, 45. 27. £1831. 4s. 
BS. £15. 29. 16s. 30. 20,200. 
eed, 4 32. 3°13 acres, nearly. 33. £375 
34. £392. 1s. 2d. 35. 12; 2732 7. 
36. Man 3s. 6d., woman 2s., boy ls. 6d. 
G. 37. £560. 6s. 8d., 474+] ou. ft. 38. 287 lbs. 
39. £137. 10s. less. 40. £266.135.4d. 41. £2 2 
42. £810 at 81, £1500 at 135. 
H. 43. 1°8814. 44. 4. 45. 70 om. 
46. 24 gals. of 1st with 60 of 2na, 47. 4 hrs. 55 min. 2 secs, 


48. £262. 10s. 


, if 
~ 


. ANSWERS. XXXV 
I. 49. 57 50. £6,074,000; 3s. Oxd. 51. 36. 52. £684. 
63. £4. 15s. 42d, 54. A 2s. 8d., B3s.4d., C 4s. 
J. 55. -(i) £319. (ii) 15,600. (111) £30. (iv) The former. 
56. 12 days. 57. 25 yrs. 58. 1 ft. 9 in. 
59. 54. 60. 88 yds. 
K. 61. 125, 62. 38 Kg. €3. £28.98.; £27. 58. 34d. 
64. £600 at 3%; £120 at 5%. 65. 50%. 66. £1. 6s. 8d. 
Es 67. (i) 1, Gi) rhs. 
68. (1) 3 mi. per hr., (ii) 4:4 ft. per sec. 5 mi. an hr. 
ig, it eu) 70. £1,000,000. 
71. 500:441. 2°2 quarts; 5-3 litres. 72. £532,000, £8000. 
M. 73. £28.14s.ld. 74. £22,720. 75. 972 sq. yds., 7°56 sq. ft. 
76. 5°41 in. 77. 8s. 4d. 78. 5%; £16132 8. 6a: 
79. 3°8 yrs. 80545) fre: 81... 12 in: 
82. 302%, 83. 44 yds. 84. 23%, £4500. 
O. 86. £4531. 87. 2% in. 88. 114 mi. 
89... 15 7. 90. £7150. 91. 18, 40, 51. - 
92. £2. 163. 
P. 93. £12. 3s. 8d. 94. 677fr. 95. 732 days. ° 
96. 3s. 4d.; 60. 97. £4. Os. 9d. 98. £620. 
99. 542cu.mm. 100. 335 ewt., 18% ewt., 14? cwt., 124 ewt. 
AX. 2. Page.410, 01°39: 2, Ott. 3. 4h. Ooh, 
6. 2h. 6. 4. 7. 634. s.. 3+ 9. 4%. 
10. 2. id. 16. 12. 1 18. 14% 14, 13°5- 
XX.b. Page 414. Lop sp to ee 
ATR 8 A joa: Wi lace Oats al srt i 
2. 7) 29 “9 1B “Z87 253° 
Sa 553 Tor 339) TTT 
NR i po hy. oe ae 
Beet b+. 24 64047 Fo 64+ 2+ 3+ 1+ 10’ 58 
| igen ed Geis ose | Raaaes Seteaae OS 
Bee Pe 110+ Saeme, 84 at oy i eh ee 
SEE RR So. 
7+ 5+ 64+ 14 8’ 993 


XXXVl1 ARITHMETIC. 


L LS ee ea 
o  tey OF 22 aaa 8’ 12 
o, 11) 2 
2+ 1+ 1+ 5+ 8+ 14+ 3’ 28 
BAG cs ke eee, Le 
3+ 3+ 3+ 6+ 14+ 24+ 14+ 10’ 208 
16. 373 17.1 mate? 18. ty “ey “BT DRE) tee 
20. 5385. 21. 4854 
XX.c. Page 417. 1. (i) 8649; (ii) 1726 
2. 12193°46 sq. m. 3. 93m. 4. (i) 4073 yds.; (ii) 614 yds 
5. (1) 3837 m.; (i1) 8046 m. 7. (i) 1°60 m.; (ii) 1°00 m. 
8. 500 m. 9. (i) 0°25000; (ii) 0°16667 
10. 0°648721. 11. 0°346574. 12. 3°1416. 
XX.d. Page 424. 1. (i) £0°048; (ii) +0°127. 
2. (i) less than +0°005; (ii) and (iii) less than +0:0003. 
4. HKrror= +0°006, roughly. 
5. 730 sq. metres, correct to nearest sq. metre. 
6. 9480 sq. cm.; 46 sq. cm. 7. 62°9 yds.; 0°08 yd. 
8. 1:000429. 9, 1:°0054. 10. 0:99284. 
11. 1:0076._ 12. 1:00048. 13. 1-017; 
14. 1:06. 15. 1:0015. 16. 0°9998. 
17. 4°9%, nearly. 18... 2°69 7 ; 1°34 %, nearly. 
19. 0:0033, nearly. - 20. 3, approx. 21. ee 
22. 11206°25 cu. cm.; 2°4 %. 23. 0°5 sq. cm., nearly. 
24. 10,018 sq. ft. 25. 8:04 cu. ft. 
XXI.a. Page 429. 16. 4. rf ace 0 8 1s. 4. 
19, 27. 20. 4. 30... 9. S15 201. 
82... 001. 38." 001. 34. 001. 35. 2143. 
36. 02143. 37, 214300. 38. :0002143. 39. -002143. 
XXI.b. Page 431. tsa =1og, 32. 2. JT =log, 2187, s 
3. 4=log, 625. 4. 3=log, 343. 5, Baas ¢ 
6. 4°=1024. Tuo = (29. es at 
9. loga-logb-loge. 10. A log a — log b-3 log C, 
11. tloga+%logb-5loge. 12. +logb+¥4loge-#loga. 
13. 2log3+2log 2. 14. —3log3-—2log2. 
15. $log2+2log3. 16. 7g log3+¥ log2. 


Sidieise oe communes 


XXI. c. Page 435, 


ANSWERS. XKXVil 


' 2. 15745, 3:5745, 6°5745, 1:°5745. 


eee 2, 6) 1, 1a 
3. 2°9064, 4:9064, 0:00009064 ; 806100, 80°61,. 008061, °8061. 
4. 2°1043. 5. 14:0476. 6. 37°7984. 7, 3°8291. 
. 8. 09342. 9, 2°8841. 10. 76538. 11. °2°3979. 
; 12. 1°3141. 13. 1°6354. 14. 1°8253. 15. 32-5979. 
XXI. d. Page 438. 1. 4°994, amen S551 2 
f+ «8. 3008. 4. 7573. 5. 467°3. 6. 13°60. 
‘ 7, 05868. 8. ‘07612. 9. 2°429, 10. ‘03055. 
11. 1-923. 12. 1:444. 13.. 19°97. 14, 2258. 
15. 2-224. 16. ‘00008855. 17. 1°784. 18. 2-008. 
19. 2°391 x 108. 20. 3:908 x 10°. 21. 1°772x 108, 
perang?, § 8-235 x 10°. 23. 3°711x 10%. 24. 4:354. 
: 25. 4:130 x 108. 26. 6:449x 10. 27. 2°510 x 1072. 
98. 5°802. 29. 6:900x10-% 30. 6°806x10-4 31. 16. 
XXI. e. Page 441. 1. £985. 2. £352. 
3.) £1793. 4. 20 years. 5. 2lyears. 6. 3,794,000. 
me 9°29, ..2500. 8. 38°53. 9... 3319 Kg. -. 10. 1°23 see. 
41,39 cm. 19. 22 aeenn. 213). 1427: 14. 329. 
15. 02905. 16... Sol Was 217. 113. 
18. 102cm., 12:10m,, 152 cm: 19 28 years. 20. 0'3958 cm: 
21. 716,900 m. 22. 85°29 gallons. 
23. 4°743, 0:06413. 24. 280 sq. ft 


Miscellaneous Examples VI. Page 454. 


i, 
3. 


2p.m.; 2.52 p.m. Re00' p.m. ; (i) 3.30 p.m. 3) Gay dseO pam. 


47 mi. from <A’s starting place at 12.42 p.m. -11.12 a.m. and 
2.12 p.m. 


(i) £80; (ii) £240. 5. 
£18,880. 8. 
9 mi. from Y at 12.48 p.m. 12.18 p.m. and 1.18 p.m. 
40 yds. A 16 yds. ahead, C16 yds. behind. 11. 5 secs. 
2 ft. 15..° £7.38, 14. £3. 1s. 3dk 15. °£6, 188, 9d. 
62. 17. 7.36 p.m.; 3 p.m. and 5 p.m.; 19 mi. from Y. 
4 miles. 19. 5 hrs. from the start. 
0:447 %. 21. £430, 12s. 44d. 
100=27%5'% 173" T9BLB20= 2! x 3° x5 K 17, 
765 765 x 2¢) 
165 x2 x B44" 765 x 31) 


: 


¥ 


16s.95d. 6. 
450 yds. 


16°7 gallons per head. 


XXXVIlI1 ARITHMETIC. 


23. 
26. 
28. 
30. 
31. 
34. 
35. 
38. 
40. 
43. 
47. 
51. 
53. 
54. 
58. 
62. 
65. 
68. 
72. 


75. 
8% 
82. 
84, 
87. 
89. 
92. 


24 ft., 36 ft. 24. £9294. 17s. 5d. 25. 314 %. 
£692. 19s. 9d. 27. 1lb.20z., 1 1b. 140z., 21bs..13 oz. 

7 hrs. 3.8 p.m. approx. 29. 248 lbs., 296,500 lbs. nearly. 
35 mi. from London at 3.33 p.m. 3.9 p-m.; 3.51 p.m.; 36 mi. 
£5. 17s. 1d. 32. £4. 12s, 33, £11. 
201,000,000 bush., 310,000,000 bush., 6 bush., 8 bush. 

£690; 120 boys. 36. £420. 20 for £480. 37. 45%. 
428°456 Kg. 39. 47, 23 farthings. 

41°28 gals., 18°72 gals. 41. 45 days. 42. fr. 826-04. 
£16. 16s, 44. 28 hrs. 1 min. 14 secs, 45. 45 miles. 
31,527. 48. 20:: 31. 50. £30. 
Multiply ys 5, 52. Between B and C, 3 mi. from B. 
(1) A is 74 yds, behind ; (ii) Bis 6 yds. ahead ; (ili) 96 yds. 

5 miles. 55. 14°97 in. 56. £2014. 57. 30 days. 
6-08 %. 59. 30 tons. 602°" 27: 61. £141. 9s, 
50. 63. 73,350. 64. zo in.; 1437 in, 

81,000 litres. 66. 5 mi. per hour. 67. 4 months later. 
D5 %, 69. £4000. 70... 138, Lid, <7. aes 
The 24 is 330 yds. from starting point. 73. 504%; 4°90 %. 
oats MN MR 4 Etro NEle Sounds clove 74. 10°97 ¢. per Km. 
30 mi., 40 mi.; 55 min. 77. -120 ais. 78. £1066. 13s. 4d. 
6015. 80. Elder £7070, younger £5050. 81. 7848 Kg. 
2193: 7s: 1d. 83. Between 5 and 10 miles. 60 mi. per hr. 
18-4 lbs. 85.5 £4. 86. (i) 009%; (ii) 018%: 
74mm. 88. one 10s., £70, £157. 10s. 
1533 past noon; 1 hr. 234’, 90. 112-64 yds. 91. £605 
96'S 7,266 7, 0: 523 %. 93. £3. 13s. 9d. 
£303. 15s. 95. 6300, 8150. 


W. to N. 52 mi. perhr. N. toR. 39 mi. perhr. 595 mi.; 8.33 p-m. 


£415. 5s. 98. 37°5 Km. 09. ib. 100. 1:097. 
3-09. 102. °: £20.78; 00. AOR. 216(SS2)™ > aaa me 
23°37 in., 25°87 in., 25°70 in., 28°54 in., 33°54 in., 26-98 in. 


225 yds. 107. £75.: 108. 16 cwt. 109. 165%. 
Le: 111. A £105, .B £225, C £240, 

T07,\30 7. 113. £17. 10s. 115. 0°028; 0-0078 Kg. 
81,097 sq. miles more. 118. 3608 ft. 

24 min. 120. 6 days. 122. 185 oz. 

Qs. 45d., 5s. 73d., 1s. 104d., 24d., lgd., 1d. 124 617 or 167. 
3 hr. 127. 75 lbs. 128. 53. 


7 oa LO 130. 104 million gallons. 131. 4°2 mi. per hr. 


ANSWERS. 
£92. “£5, 23,. 10: 133. 60, 70, 84, 105, 134, £625. 
135. 637 yards. 1362 013'2 7. 137. £116. 13s. 4d. 
138. 0-708. 139. £1040, £700. 
140. 37 water, 37 other liquid. 141. 374 miles. 
142. 4:98 litres. 143. 49°27. 144. (i) 8°134; (ii). 1:229. 
145. £614. 10s. 146. 185 %. 147. 308 Ibs. 
148. Between 2373 and 2387. 
149. 12°5 grams bluestone, 7°81 grams lime. 150. 19 lbs. 
“151. 25 miles. 152. 374 Ts 153. £587°2. 154. 1665 min. 
155. £171,429. 156. 4.12 p.m. 157. 61:1 of 18+, 38-9 of 204, 
158. 59 in., 40 in. 159. . 58. lld.; 72d. 160. 10:4 in. 
161. 75 in Latin, 80 in Greek. 74 and 50. 162. -7°55 in.; 6 in. 
163. 1100 ft. per sec. 164. 102-7 hrs. 
165. 2"! station out from terminus. 166. 1°02 grams. 


XXx1x 


167. a=0°314, b=90°3. P=200; W=215. 168. 61 Kg., 8 Kg. 


169. C=0-1838" by rule (a), =0°1836” by usual formula ; 
d=121°8" by rule (b), =121°8” by usual formula. 
170. 2°25 cu. ft.; 31,700, to the nearest hundred. 


171. 1,890,000 litres. 172. £5. 3s. 1d. 173. 17%; £124,490. 6s. 
174 Yes. 175. 17-5 lbs. 1763, “025.24, 
cs a Sa 2 ha ea as 179. £62. 10s. 
180. 12°6 in. 181. 0°54. 182. 211 m. 
"183. 12%. 184. 13 gallons wine, 19 gallons water. 


185. 277 Kg. £4, 12s. 4d. 
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